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ABSTRACT

Large rocket motors of conventional solid propellants present
potential hazards in use situations. Sensitivity tests are evaluated in
terms of their ability to predict the consequences of these hazards., It
is shown that segments of large motors present only a fire hazard while
being transported, whereas monoliths may explode. Otherwise both
types present only fire hazards except that, when fully armed or when
the upper liquid stages are being fueled or are already fueled, they

must be considered as presenting an explosive hazard.

The applicability to large motors of the Armed Services
Explosives Safety Board tentative criteria for hazard classification is

discussed.

Suggestions are made for new tests and for additional basic

research.

An extensive bibliography is included.
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FOREWORD

Under the terms of NASA Contract NASr-49(05) the Propulsion
Sciences Division of Stanford Research Institute has conducted a brief
survey and analysis of existing and proposed methods for testing and
clagsifying large rocket motors of conventional solid propellants with
respect to their potential hazard in situations involving fire, drop,
fragment, impact, nearby blast, and mechanical shock, but not including
toxicity, fragmentation, and problems arising from sonic and nuclear

hazards.

This report of the study is presented in several parts. Part One
analyzes the circumstances which may cause such a motor to be
exposed to hazard and predicts the results of this exposure. The pre-
diction is developed from a synthesis and evaluation of experience,

practical tests, and laboratory tests,

Part Two is a critique of the still tentative Armed Services
Explosives Safety Board's (ASESB) Explosives Hazard Classification

Procedure,

Part Three presents recommendations for the test necessary to
provide an unambiguous hazard classification and for additional

supporting research.

During the course of the study a number of reports, documents,
etc., were examined, some cursorily, some in detail. Lestthe effort
be repeated by others, Part Four contains a list of the documents with
some indication of the area considered. The list should not be

considered complete; the field of interest given is merely a guide.
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PART ONE: CLASSIFICATION BASED UPON
EXISTING TECHNOLOGY

1 Introduction

On July 17, 1944, at Port Chicago, California, three and one-half
million pounds of explosives in railroad cars and in the holds of a ship
exploded. 1 Three hundred twenty persons were killed, 390 were injured,
and property damage was estimated at $13,000,000. Among the injured

were two persons 8 miles away; each lost the sight of an eye.

Approximately three weeks later a 20-kiloton atomic device was
detonated over Hiroshima‘.2 Equivalent to approximately 40 million
pounds of TNT, it destroyed a 4. 7-square-mile area, left 70, 000
injured, and an equal number killed or missing. Assuming that the
blast effect of an explosive is proportional to the cube root of its weight,
this bomb was only 2-1/4 times as powerful as the Port Chicago

explosion.

The basic motors now being considered for NASA/DOD missions
are: a 156-in. -diameter segmented motor weighing 1, 500,000 1b and a
260-in. -diameter segmented motor weighing 3, 500, 000 1b. The motors
would be used in clusters of about four. 3 Restricting the calculations
only to the blast effects, the consequences of the detonation of four of
the larger motors may be predicted. The approximate resu.ltsi5

ale

assuming 100% and 20% TNT equivalents, are presented in Fig. I.

For the milder case, at 9, 000 feet the peak overpressure is
0. 65 psi, the maximum exposure pressure recommended for inhabited
buildingsi. Accordingly, if an explosion of this magnitude must be
anticipated, say at a launch site, operations during any hazardous
operation must be restricted or curtailed within a 9, 000-foot radius;
the danger will be less for smaller charges or systems of lower TNT

equivalents.

3
No allowance has been made for the fact that damage is a function of
energy release? and that the energy potentially available from standard
composite propellants is greater than that irom TNT.

1
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FiG. 1 BLAST EFFECTS OF PROPOSED NASA ASSEMBLIES

Even this superficial analogy must lead to the conclusion that the
possibility, no matter how remote, of explosion of such a system cannot
be ignored. No doubt, the nation’s drawing boards have designs for

even larger, more energetic systems.

To propose the necessary precautions, one must begin with an
analysis of the situations in which these large systems are being used
or might be used, the hazards which might be expected in these situa-
tions, and the possible results. Such a study will give responsible
management an estimate of the risks associated with a particular action.
The choice among several possible courses of action is a management
decision which cannot be delegated. A brief study of the type outlined

has been made by SRI's Propulsion Sciences Division. The study

2
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concerns only NASA space missions, and, to limit the area of the
investigation, has been confined to studies of conventional composite
propellants containing neither detonable binder nor other detonable
ingredients. Nor have the possibility and consequences of enemy action
been considered. It is appropriate to emphasize at this point that
"safety' is not being considered. By "safety' is meant that area con-
cerned with protective measures: how thick a wall should be, how many
men can work safely or ought to be exposed under a hazardous set of
circurmstances, etc., Lastly, the problem of acoustic hazards has not
been treated. For a consideration of this aspect, as it relates to the

.3
blast problem, reference can be made to the report of Ullian,

It will be shown that, when being transported, segments of large
motors present only a fire hazard. Completely assembled monoelithic
units, however, may explode. At all other times both types may be
considered as Class II explosive systems except that, when fully armed
or when the upper liquid stages are being fueled or are already fueled,

they should be considered as Class X.lo

11 To What Hazards Can a System be Exposed?

The entire process through which a motor orsiage passes in going
from the manufacturer up to and including the immediate post-launch
period can be conveniently, if arbitrarily, divided into five phases:

1. Shipment from the motor manufacturing plant to the
receiving point.

2. T ransportation at the receiving point.
3. Assembly, check out, and storage operations,
4, A period when the motors are on the launch stand and

during which the normal pre-launch operations are being
carried out,

5. A period immediately after launch, when the vehicle is
still in close proximity to the launch pad and inhabited
buildings,



Let us now direct our attention to each phase,

A, Shipment from the Motor Manufacturing Plant to the
Receiving Point

As a first step the system must be lifted, probably by
crane, onto some kind of transporter., This transporter may be
directly suitable for use as a trailer for crosscountry travel or may,
in turn, be loaded onto a railroad car, truckbed, barge, or airplane.
Certainly even these may be specially designed for the task. For
large monolithic systems it has been proposed that somewhat different
techniques be used:3 "In essence, the large weight of the motor would
be borne for all transpeortation purposes by water. - The motors would
be cast in a floodable basin. For shipping, a caisson around the motor
would be sealed, the basin flooded, and the container floated onto a
special partially submersible barge. The barge is brought to normal

attitude and towed to the launch facility, "

With very little deliberation it becomes apparent that the

following might occur.
a. A winch might fail and drop a stage or segment.

b. As a result of the above, or of inadequately
designed equipment, the unit might hit the transporter
or be squeezed or otherwise damaged as it is lowered
into position.

c. During transportation, constant vibration and severe
jolts, as from "'bumping" of railroad cars, might
cause damage.

d. At any time the unit might become the target, by
design or accident, for small arms fire. :

e. Train, highway, and other accidents are possible.
f. Temperature control devices might fail.
g. Proximity to other accidents and attendant risk is

always a possibility: electric storms, nearby fire,
or explosion, etc.

h. For seaborne or airborne systems the usual environ-
mental hazards are present: storms, sinking of a
barge, plane crash or explosion.

4



In similar fashion we arrive at considerations regarding possible

mishaps for each of the remaining phases,

B. Transportation at the Receiving Point

With adequate planning, it is possible to design transportation
equipment to minimize the number of operations involved when a small
motor, stage, or segment is received at the launch site. For example,
it should be possible to store each unit upon or within the transporter
on which it is shipped. In general, traffic on a military or similar
base is far more readily controlled than elsewhere. Accordingly, the

probability of an accident is appreciably reduced.

For the large, monolithic motors,3 the barge (after being
brought to the launch facility) "is partially sunk, the caisson towed off,
and maneuvered to the location of the launch pad. Water is removed
from the launch basin and the motor caisson is maneuvered into the
proper vertical position for launching the vehicle.'" Most, if not all,
of the operations associated with this procedure are new and untried.
It is therefore, patently impossible to predict many of the associated
hazards; here, experience will be the best teacher. Nevertheless, for
monolithic and for the more readily transported smaller or segmented
units, most, if not all, of the situations itemized in the preceding sec-
tion are applicable. In addition, since these units are now in the
vicinity of other propulsive systems at the launch facility, the possibility
of a malfunction of an adjacent motor {solid, liquid, detonable, etc.)

with its associated dangers must be considered.

C. Assembly, Checkout, and Storage Operations

Once again any necessary movement exposes a motor to
some or all of the hazards previously enumerated. In addition, certain

conditions are peculiar to assembly, checkout, and storage operations.

Although monolithic units, by definition, eliminate the
assembly manipulations, they have, as indicated above, their own
problems. Segmented units must, of course, be assembled, as must

the complete, but individual, units of 2 whole multi-motor stage. For

5



this, special structures will undoubtedly be required. One type which
has been suggested resembles the familiar pile of dishes seen in cafe-~
terias. Here the pile is supported by a below-surface spring and, as
each dish is added, the stack drops a small amount. With a similar
arrangement it is foreseeable that each segment need be lifted only a
small distance above ground level and carried until it is just above the
segment to which it is to be fastened; then it may be lowered gently

into place and assembly operations completed.

An alternative suggestion requires above-ground assembly
within a superstructure of several decks., Each unit would be lifted into

place and assembled.

An important problem here is that individual segments must
now be carefully mated to each other at precisely machined and closely
fitting interfaces, Unless these surfaces have been scrupulously cleaned
and inspected it is possible that some propellant might be trapped and

subjected to compression, shear, and other grinding forces.

This is also the first time during which large masses of
propellant are brought into close proximity. This has a bearing on
the rmal stability and on detonation or explosion problems which will

be discussed later,

Complete assembly requires the completion of a number of
subassemblies. Among these are the destruct systems, and other
devices which include explosive elements. This is the first time, since
having left the manufacturer, that these explosive charges will be

involved directly. A mishap here is always a possibility.

Except for the immediate pre- and post-launch periods, the
phase during which the entire assembly is being checked presents the
greatest real hazard. By this time, except for some last-minute
insertions of ordnance items, the rocket is completely assembled. It
may include as much as 30 to 40 pounds of high explosives, much of
which is in the form of detonating cord or shaped charges whose sole
purpose is to destroy the motor case. The nozzle is now attached, if

this was not previously done. Premature ignition renders the unit

6
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Propulsive. A very large number of the necessary ''checkout" tests
require passing significant electrical current through each of many
components. Mistakes in wiring are not uncommeon. Induced currents
and other stray effects are present., These could conceivably actuate

the ignition or explosive devices.

The checkout period is also a time for making repairs or
modifications, or performing other operations upon the assembled
systemm. Unless otherwise forbidden, these may involve the propellant,

ignition, or ordnance systems and create safety problems.

Storage is, by definition, a period of quiescence during
which no operations are being conducted, but it is not a time for relaxa-
tion. The hazards of large masses of propellants within each rocket
are augmented now by their close proximity to other propulsion systems.
Under normal circumstances, self-—heating6 occurs at a very slow,
probably negligible, rate. As the temperature rises, so too does the
rate of spontaneous decomposition. At high enough termperatures
(probably over 200°F), explosion or violent decomposition results; at
intermediate temperatures severe degradation is possible. This
behavior is size-dependent: larger systems self-heat more rapidly.
Consequently some temperature control such as air conditioning is
probably required. The results of failure of the control system may

not be detected until the actual launch phase.

Whether the moving of the completely assembled launch
vehicle to the launch stand is to be considered part of the assembly or
of the pre-launch period is unimportant for our purposes. Here again,
whether monolithic or segmented, the techniques for moving such large
systems {200 to 400 feet or more high) have not yet been developed.
Certainly it is not inconceivable that such a large vehicle might topple,
a gantry might derail, a nearby blast might knock it over, unanticipated
instability might develop, overloaded structures might fail. For sys-

tems moved by barge similar considerations apply.



One possibility is that final assembly and checkout might be
accomplished on the launch stand proper. Though this might sharply
reduce the total nurmber of operations involved in preparing a rocket for
launch, it has major disadvantages: the launch platform is unavailable
for other use for a much longer period of time, and the rocket being
assembled is closer to other units and therefore more exposed to their

possible malfunctions.

D. Pre-launch Period

Pre-launching is the period in which the completely assembled
unit is on the launching platform, in position, and being made ready.

It is the period during which the final checkout and countdown commence.

Significantly, it is also the period during which the liquid upper
stages, if any, are filled with their energetic, often cryogenic, contents.
It is neither our function nor ocur intent to delve into possible causes and
the probability of malfunction of these units. We shall assume that "if
it can happen, it will happen.' The record shows, too, that 20% of
attempted launches abort on or near the pa.t:l..8 For a hydrogen-oxygen
system, explosion or detonation is always possible. The consequences
range from the resultant flying metal shrapnel and a high temperature
fireball, up to and including a high pressure shock wave; any of these

consequences may reach the scolid first stage.

During this period, the rocket, if not the highest, is one of the
higher objects in the immediate vicinity. It is a natural target for
lightning. At some stage in the proceedings igniter squibs are installed,
and explosive units may be armed (if they are not already). Nearby
sources of electromagnetic radiation or other powerful signals may
activate some types of these units prematurely. An error in routine
electrical checkout, or a path through an unknown ground loop may do

likewise.

This is also the last opportunity for repairs or modifications.
As during the checkout period, these may involve hazardous operations

on the propellant, ignition, or ordnance items.
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E. Ignition and Immediate Post-Launch Period

During this ultimate operation a special condition exists., Until
this moment everything humanly possible has been done to protect the
rocket from any thermal or mechanical excursion. Now the grain is
ignited, and the system accelerated. If the ignition system malfunctions,
the interior of the grain may be subjected to too extreme a pressuriza-
tion rate or to too high an ultimate pressure. The grain may crack or,
worse, may shatter to expose more area to the combustion zone than
that for which it was designed.* Assuming that the system performs
correctly ballistically, the guidance may malfunction and once in the
air, the now propulsive rocket may turn back towards the land, perhaps
too soon for the safety officer to destroy the unit. Perhaps destruction
can be accomplished and the rocket rendered nonpropulsive by fragmen-
tation of the case and grain. The fragments of burning propellant will

fall back to earth,

This completes the present list of the hazards to which a large
solid propellant motor may be exposed. Most assuredly it is not
complete, however, for the history of safety engineering demonstrates

that not all possible causes of accidents can be anticipated.

II1 To What Hazards Have Systems Been Exposed?

It is useful to compare the abstract predictions with history --
what accidents have befallen rockets, and are there any not p1'«3('_1it::ted?=:“{=
Unfortunately, scientists and engineers, being human, brag about their
successes, Failures don't seem to be reported regularly. Some,

however, are on the record.

Are there examples of accidents which, though anticipated, have
never occurred? Is the sample large enough -- experience broad

enough -- to conclude that these will not occur?

£
Faulty inspection may permit an already cracked grain to reach this
stage.

dee
The latter point is moot: the author knows the answer (or thinks he
does) before he asks the question. However, any information a reader

may have would be of immense help in completing the recorded history.

9
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Experience with large solid motors is restricted largely to
Polaris and Minuteman, One Polaris motor rolled off a truck. Another
truck carrying a Polaris hit a snowbank. Both motors were x-rayed,
found to be undamaged, and satisfactorily fired. The temperature con-
trol mechanism in one Polaris container failed during freezing weather;
the motor was x-rayed and found to be undamaged. It has not been
fired. The temperature control of another Polaris unit failed and the
unit reached a temperature of 17D°F for an indeterminate period less
than one week, The propellant was a double-base compeosition, ther-
mally more sensitive than those considered here; the mechanical
properties were altered but no fire or ignition resulted. A railroad
handcart bearing a Polaris ran past the stops at the end of the tracks,
and the motor slid several inches. There is no record as to whether
the engine was fired, but certainly there were no immediately serious

7
consequences.

The gantries on which complete assemblies are moved have

never collapsed or been toppled. They have, however, been derailed.lo

Despite many rumors to the contrary and the expectations of
many, there do not appear to be any reported instances of bullet holes
or marks con the units containing any rockets at the time of inspection

at Cape Canave raLl.1

Many years ago there seems to have been an accident in England,
involving explosives, which bears upon the present problem. Either
due to malfunction or to faulty procedures, the tires of a truck in
motion rubbed against a container and overheated it. Explosion of the

9
contents occurred.

During one Polaris flight test at Cape Canaveral, the first stage
malfunctioned and ignited the second stage which contained conventional
propellant. The latter rose 300 feet, turned around and headed for the
ground while burning at both ends. Though many fires were set and

broken pieces of propellant continued to burn, there was no cezxplc:rsicm.,7

10
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The "Abortive Missile Reports'' are classified Secret and are,
therefore, unsuitable for inclusion in this paper. A few significant
facts can be drawn from them and, without violating security regula-

tions, reported here,

(a) One solid propellant system impacted from an indeterminate
height in the launch area. Though there were many fires, there was

only a very mild overpressure and no significant damage.

{b) A large solid motor fell into the ocean after attaining an
altitude of three miles. No propellant was aboard at time of impact,
but - if it had fallen on land - there would have been many fragments

from the case.

{c) The first stage of a two-stage solid propellant motor was
deliberately ignited. A malfunction in the command system ignited the
second stage which rose to an altitude of one-quarter mile, where it
was destroyed with 3 tons of propellant aboard. Meanwhile, the first

stage burned on the pad. Only fire damage was reported,

(d) Another solid propellant motor gave difficulty which caused
it to impact with 3 tons of propellant aboard. The resultant explosion

left & crater 8 ft deep x 15 ft across. No other damage was reported.

There are other reports involving solid systems. In general,
though localized explosions are reported, there do not seem to have
been any major blast effects. Rather easily controlled fires and some

fragmentation of metal parts seem to be the rule.

Liquid systems, too, have malfunctioned. Mostly these are
LOX/RP-1 engines. Many fires and some blast effects have been
reported. In one instance peak overpresssures as high as about 1 psi

have been reported at distances of 500 ft.

So it is apparent that many predictions have been verified.
Missiles have been damaged in transit. They have been dropped,
jarred, and shaken. They have been overheated and overcooled. They
have ignited prematurely (but after command) and have impacted at the

launch area.

11



They do not seem to have been the target of small arms fire, nor
is there any evidence of their having been struck by lightning. There
is no experience to indicate the premature activation of any ignition or
explosive component except as the result of a faulty command. Squibs
and detonators have, so far, behaved as intended.8 There is no assur-
ance that this record can be maintained, In fact, the experience of the
industry is such that incidents of these types must be anticipated.

There are 600 electric storms per year in the vicinity of Cape Canaveral.

v Systematic Approach to Hazard Classification

On the basis of the preceding it has been established that:

1. large solid propellant systems present a significant poten-

tial hazard.

2. Almost every type of conceivable accident has occurred,

Of those which have not, it cannot be assured that they will not.

However desirable it may be, analysis of experience is not
sufficient for hazard classification; a more systematic and complete
approach is needed. It has been the policy of the explosives industry to
anticipate and prepare for the worst possible disasters by simulating
the conditions under which these might occur. Test results then act as
a guide to the establishment of safety precautions. This is a conserva-
tive approach which suffers from one weakness: no account is taken of
the probability of a particular type of accident. On the other hand there
is a significant virtue in this approach: often tests under the worst
possible conditions indicate the maximum hazard to be much less than

anticipated.

Following this conservative philosophy a number of different

types of tests have been run. These fall into the following categories.

impact and friction small-scale detonability (gap test)
sled large-scale detonability {Beauregard
test)

large-scale drop

bonfi re thermal stability

bullet

12



Some of these, such as the bullet test, reproduce almost exactly
a potential accident. Some, for example the sled tests, are attempts-to
simulate an accident. And some, e.g., the impact test, do not relate
easily to any real situation. A brief discussion of each, with results,
will be presented. An effort will be made- to interpret the results in

terms of their applicability to the situations discussed earlier.

A. Impact and Friction Tests

The procedure for tests of this sort is well known. The results

10, 11 can be interpreted to mean

which have been presented elsewhere
that conventional composite propellants are more sensitive to shock

than are booster expliosives. This simply is not so, and current thinking
relates impact and friction te‘sting to ignitability rather than to shock

sensitivity.

Thus the lesson is that propellants seem to require less energy
than explosives for ignition. Accordingly, missile handling techniques
must provide maximurn precautions against premature ignition. This
applies particularly to the assembly of the units of a segmented system.
Ignition could easily result from 'tramp' propellant remaining at the
joint. Depending upon the state of assembly this could make the rocket
propulsive and, in any event, would certainly result in a very serious,
probably uncontrollable, fire until all the propellant was consumed.
Since, however, this would be a less severe ignition than normal, the
system would not be expected to misbehave in any other way provided
it could be restrained during the combustion period. Even if nonpropul-
sive it should not be permitted to fall, because this could make the grain
crack and might lead to a2 pressure-type failure of the case and conse-

quent spread of the burning propellant.

B. Bullet Sensitivity

Included in this type of test is any in which a high velocity metal

fragment strikesw. a propellant sample or its container.

Results at Aerojet-General Corporation demonstrate that the

propellants under consideration here are "'relatively insensitive to

13
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bullet impact." A caliber .30 armor-piercing bullet having an impact
velocity of about 800-1000 ft/sec at impact is required for ignition.

901431 ot

Personnel at the Naval Ordnance Laboratory report
bullets which penetrate the motor case may cause the motor to ignite
but, with conventional propellants, nothing worse. The theory here is
that the bullet creates a region of high temperature about its own path
and only combustion results. A most interesting series of tests was
run to establish the hazard classification of the relatively sensitive
double-base 3rd stage of Minuteman. Caliber.50 armor-pie rcing
bullets were fired into the motor from a distance of 100 ft and with a
velocity of 2800 ft/sec. The motor ignited and developed full pressure
and thrust 0. 9 second after impact. Four seconds later the case

ruptured. Even with this detonable system, only burning ensued.

C. Sled Tests

Solid propellant motors have been placed aboard rocket sleds
aimed at striking concrete walls and with a velocity of 1000 ft/sec
(680/mph}. This generates a shock of the order of 14 kilc:ba.rs..l{'L These
tests occasionally cause ignition; even with double-base detonable pro-
pellants detonations are unknown (one sensitive type of double-hase
explodes only when using a terminal velocity of approximately 3500 ft/
sec = 2380 mph.)

D. Large-Scale Drop Tests

- A standard test involves filling either a thin-walled motor or a
standard bomb with the propellant in question and then dropping it from
a height of 40 ft to generate a l-kilobar shock in the propellant. Tests
are run in which the drop is upon flat steel, a corrugated surface made
from angle irons, or a surface from which large steel studs project
for several inches. Polaris motors have been dropped on to flat steel
plates. In general, ignition results if, and only if, the case is pierced
by the drop.?’3 Even with double-base propellants no explosions have

resultre'.d.1 5

14



E. Bonfire Tests

"These tests originate from a desire to simulate what happens
when a wooden boxcar containing explosives burns., In general, com-
posite propellant motors subjected to this ordeal ignite, probably at the
liner interface. The only consequence seems to be a mild pressure

rupture with some flying pieces of burning propellant.”’ 14 This was

. . . 16,17
the experience when a first-stage Minuteman motor was tested, 6
and also with a third-stage Minu.ternan;32 when the second-stage was

similarly tested there was no case rupture,17

- F. Small-Scale Detonability Tests

These tests have been well desc:ribed,1 2,18 and of all sensitivity

tests are believed to be on the firmest scientific footing. From these
tests it has been quantitatively established that most double-base
propellants, though detonable, are distinctly less sensitive than many
of the least sensitive military explosives. It has been confirmed by
these tests that the composites of the type considered here are non-

detonable at and below diameters of the order of 2 inches {however,

see below)}. On the other hand, it has also been established that the
same composite propellants in a porous state become highly sensitive
to shock and are detonated with an ease comparable to that of the

energetic double-base formulations.

G. Liarge-Scale Detonability (Beauregard) Tests

There is as yet no adequate theory to predict the critical diameter
of an explosive system. In an effort to determine the detonability of
Polaris, using composite propellants, a series of tests, code named
Beauregard, was performed durifig the summer and autumn of 1958 at
the Naval Ordnance Test Static;an.l.9 They established that the critical
diameter for detonation of the solid nondefective composite propellant
was above 20 inches. The implication of these tests is that motors of
web thickness of the order of 20 inches or less are not detonable., On
the other hand, considerable blast effect, attributable to the propellant,

was recorded, which indicates that, in the presence of a severe shock,
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a significant quantity of the propellant reacted rapidly enough to

contribute to the peak overpressure.

A detonation sensitivity test of a Minuteman second-stage engine
wa.s c:onductecl.20 The purpose was to determine if the engine would
detonate when subjected to the detonation of a 100-1b shaped charge of
composition B placed on the external surface of the chamber wall (not
the head end). The explosion subsequent to initiation destroyed all
recording equipment, which was located within a barricaded region

approximately 450 feet from the charge.

Detonation sensitivity tests have been performed on full-scale
Minuteman first and second sta.ges,l7 using various test geometries.
As with the Beauregard tests, though no detonation of the propellant
was detected, significant blast effects were noted. It is not possible

to scale these results to apply to larger systems.

H. Thermal Stability Tests

For a number of years a standard test, described elsewhere,lo’ 21

has been used. It is often run by dropping a sample of propellant into
a hot bath and determining the time to explosion. ©Of questionable
theoretical value, it has the advantage of being, like the impact test, a
simple one to perform and one which permits the ranking of various
formulations according to their thermal sensitivity in a particular
situation. Recently, more refined techniques have become available.é’ 22
These give considerable promise of being more generally applicable.

The theory permits predictions, from the experimental results, of the
temperature above which a sample of known size cannot be stored with
safety. Although it has not yet been satisfactorily demonstrated that

the results apply to large rocket motors, there are promising indica-
tions that this might be accornplished,23 and improved methods are

being developed to cope with geometries other than the simple ones to
which the present treatment is restricted, i.e., cylinder, slab, or
sphere.24 We still need, however, a conclusive demonstration that the
kinetic assumptions are valid and that the low-temperature energy of

activation which these experiments determine is applicable to higher,
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predetonative temperatures., At any rate, the present informationb’ 23
is sufficient to show that no safety hazard is presented by the storage
of any conventional composite at any reasonable ambient temperature,
This, notably, does not include degrading processes which may occur
at extremes of temperature and which may be cause for rejection of a
motor. On the other hand, high energy double-base materials are
much more sensitive6 to moderate temperature excursions, Multiple-
stage rockets, of which one stage is such a sensitive material, should
be protected from excessive heat. There are, so far, insufficient data

to permit the establishment of general criteria for storage of energetic

propellants.

v Significance of Testing - Hazard Classification

How do these tests relate to the actual hazards of missile handling?
Consideration of the many types of mishaps which have occured or
which reasonably might happen leads to the conclusion that to each type
of mishap, regardless of the operation during which it might occur, one
or more tests of the types already described correspond. The proper
hazard classification depends upon the proper interpretation of the
existing tests. (For some situations, additional testing might be
desired.) Table I analyzes the previous discussion by correlating
hazards with the operation phase during which they might occur and

with the pertinent sensitivity test.

It is apparent that the approximately forty (somewhat arbitrary)
different combinations of malfunctions can be evaluated, with few

exceptions, by one or more of seven types of test.
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Table I

SITUATION OR PHASE OF OPERATION

PERTINENT TEST

HAZARD

Shipment

Trans=
portation
on Site

Assembly
Checkout
Storage

At-Launch

Post
Launch

Impact

Bullet

Rocket
Sled

Large=
Scale
Drop

Gap| Beauregard

Thermal
Stability

MISCL.

Winch failure

Improper loading
on transporter

Jolting-" bumping"’
vibration

Srall arms fire

Train, hiway, other
accidents

Failure of thermostat

Proximity of other
accldents

Seaborne or airborme
accidents

Tr propellant
caught at joint

Large masses
brought together

Ordnance malfunction
Premature ignition

Modification of mtr.
A large mtr. topples

Explosion of ligquid
stages

Lightning & electro-
magnetic radiation

Ignition malfunction
(midance malfunction

Burning of defective
grain

Activation of destruc-
tion system

x

X

Vibration

Subassembly testing

Subassembly testing

Effect upon ord. items

Effect upon ord. items

Depends upon modificatien




SONFIDENTIRL™

With one exception, all of the anticipated situations which may
occur during shipment or on-site transportation are comparable to
bullet, rocket-sled, large-scale drop, or thermal-stability tests. The
exception involves the relation between the '""proximity to other accidents™
and the shock-sensitivity type of test (gap or Beauregard). Later it
will be shown that no explosion originating from beyond the rocket
{meaning the entire assembly of several stages) can generate a shock
strong enough to do anything but fracture and perhaps ignite the grain.
The results of all other tests indicate that the worst possible consequence
of an accident during transportation would be a severe fire. Individual
segments open on both ends would merely burn. A monolithic rocket
could rupture (pressure-vessel-type failure} or become propulsive.

Inscfar as existing shock sensitivity tests indicate, neither system,

monolithic or segmented, is detonable.

During assembly, checkout, and storage, all of the tests are
relevant. Apgain except for the shock sensitivity tests, all existing data
and test results indicate that no reasonably conceivable accident could
cause any but a fire hazard. If the segments have been assembled or
if the system is of the monolithic type, a propulsive condition or a
pressure vessel failure may result. It is now the practice at Cape
Canaveral to use large physical barriers to prevent a propulsive system
from '"launching" itself.8 If this procedure is adopted for larger sys-
tems, such as those envisioned for NASA missions, they may be
classified as Class 1I. The results of the shock sensitivity tests indi-
cate that, even if the propellant is nondetonable, the propellants are
capable of contributing to the shock from a nearby detonation. The
extent of this contribution cannot be forecast at the present time. If
conventional propellants are to be used in conjunction with double-base
or other detonable formulations, it might seem that the entire system
should be so classified. This is an overly conservative approach;
however, more work is needed to develop the necessary scaling laws.
The likelihood of this combination being used appears, at present, to
be slim; accordingly, it is best to delay consideration of the problem

until it is germane.
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There may be concern because of the presence of a quantity of
explosive units or systems aboard the rocket, Most of these are in the
form of explosive bolts or actuators or conventional linear or shaped
charges for destruct systems., These are designed for a specific func-
tion which normally involves, locally, a relatively small explosive
effect (the total amount of explosive present is not the criterion). At
worst they will rupture or perforate the motor case to make it nonpro-
pulsive. They may also shatter a small quantity of, and ignite, the
propellant. The result again is fire; neither propulsion nor detonation

is a likely consequence. A pressure rupture is a possibility.

Current regulations at the Pacific Missile Range'26 permit neither
redesign nor modification of any element of ordnance, including the
propellant system. Such work must be done by the manufacturer at a
facility, other than PMR, of his choice. The decision as to when
removal of the unit is required is made by the Range Safety Officer,
not by the manufacturer or his representative. At Cape Canaveral
similar restrictions a.pply.8 Mechanical repairs can be made. For
repairs of a nature which expose the propellant, the system is moved
to a specially secured area. For significant grain or ordnance repairs,
the unit is returned to the manufacturer. The decision is made by the
Range Safety Officer. So long as this policy is rigorously pursued, no
gsignificant additional risk is seen. The manufacturer should be divorced
from the decision; range safety personnel, if they err, will err on the

side of caution.

The problem of "tramp'' propellant at the surface where segment
juncture is to be accomplished has been considered in the section

dealing with impact testing.

In summary, during the assembly, checkout, and storage periods,
provided that a propulsive system can be restrained, conventional sys-
tems should be stored as Class II explosives, presenting fire and some

pressure vessel (with fragmentation) hazards,
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During the pre-launch period much of the foregoing applies. A
review of the discussion on possible hazards during this period indicates
the existence of several paths for activation of ordnance units. For this
reason it has been the practice to install squibs, igniters, and detona-
tors as late in the countdown as possible, perhaps as little as 75 minutes
before launch. Subsequent to this time stray E. M. F.'s may activate
destruct or ignition systems (or both) or perhaps separate stages
prematurely. Destruct system activation renders the system nonpro-
pulsive but starts fires and may climax with pressure type burst.
Ignition renders the unit propulsive and stage separation may, in the
extreme of a filled liquid oxygen-fuel system, cause a serious explosion.
More will be said about this last possibility. Premature ignition with
resultant propulsion can be handled promptly by deliberate destruction.
Hence, except for the possibility of nearby explosion, the system can
again be treated as a Class Il fire hazard with some possibility of
fragments; for the post-launch period, explosion on the pad is possible.
For a propulsive rocket returning too soon, with a liquid stage aboard,
to strike at-‘or near the launch site, motor rupture is probable. (The
impacting of a burning grain is not the same as the superficially com-
parable rocket or drop tests on unignited burns.) In either case there
is insufficient information upon which to base a hazard classification.
Certainly the rocket presents a real explosion hazard and cannot be
considered Class II; on the other hand, if it is nondetonable, neither is

it Class IX or X.

Except for a deliberate vagueness conce fning the detonability, it
has been indicated by the foregoing that the large conventional solid
propellant motors destined for NASA missions offer only fire, pressure

rupture, and associated fragment hazards.

Detonability is dealt with at length in the next section. However,
to complete the list of recommendations for proper hazard classification,
the conclusions will be presented here. Until the igniter, completely
assembled, is installed, or until the upper stages are being filled with
the liquid fuel and oxidizer, the solid grain can be considered as

Class II. However, once either or both of these steps have been taken,
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the entire system must, under existing regulations, be considered as
‘Class X, and a new, larger security area defined around the launch pad
unless a waiver is granted. This conclusion is independent of whether
the propellant is, itself, capable of sustaining a stable detonation and
imposes a severe handicap upon the facility. Current regulations do

not provide for the condition in which a solid motor presents an explo-
sive hazard significantly less than that to be expected from the detona-
tion of an equivalent mass of high explosive. Under such circumstances
the service or agency concerned may grant waivers based upon a
realistic estimate of the hazard; modified handling and storage conditions

are then authorized.

V1 Detonability of Conventional Solid Propellants - Is It Important?

It is now necessary to evaluate the importance of the detonability
. of the propellant under consideration. The term ''detonation’ is used
in its completely rigorous meaning: a chemically supported shock wave,
of stable velocity, propagating with a velocity which is supersonic with
respect to the unreacted medium. This is in contrast to an explosion,

which merely implies a violent reaction,

Small-scale gap tests confirm merely that conventional composites
will not detonate in diameters of the order of 2 inches. The Beauregard
tests confirm that the critical diameter is greater than 20 inches.

Boye r27 at Aeronutronic has made a preliminary prediction that these
materials will not detonate at any diameter. On the other hand,
Anders«an28 at Aerojet feels that the critical diameter is of the order

of 40 to 60 inches. To test these theories it would be necessary to pre-
pare several, probably four, propellant samples each of the diameter
to be tested and of length at least six times the diameter. (The Beaure-
gard tests show that for diameters greater than 20 inches a length to
diameter ratio of 4 is inadequate.) Assume that the diameter to be
tested is 60 inches; this is very close to the web thickness of a 120-inch
motor, mentioned earlier. The length would have to be 360 inches, the
volume would be 655 cu ft, and the .p ropellant would weigh approximately

65, 500 1b. At $1.50 per pound, four such samples would cost about
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$400, 000, The explosive boosters might cost half as much. Thus,

over $600, 000 would be required merely to buy the test components.
Over and above this are the costs of hardware, transportation, instru-
mentation, and designing the test, and arranging for the necessary
personnel to supervise the operation and analyze the results. Obviously

this would be a multimillion-dollar undertaking.

Assume that the tests are run and show that the propellant is
detonable in 60 inches diameter. There is still no indication as to how
great a shock is required for initiation. The additional testing required
to obtain this information could easily treble or quadruple the cost. If
the additional testing is foregone, the conservative assumption can be
made that the propellant is about as sensitive as some of the composite
propellants with high energy binders. These latter require shock
pressures of the order of 60 kilobars for initiation.12 Explosive sensi-
tivity research teaches that in order to detonate an explosive the requi-
site shock pressure must be applied to the acceptor (in this case the
propellant) over an area approximately equal to (’n’%)‘a , where d is the
critical diameter. Thus, even if the propellant is detonable, its detona-
tion requires an approximately 60-kilobar shock wave over a plane
circular surface having a 60-inch diameter. For larger critical
diameters the problem is proportionately larger, of course. Only a
nearby detonating explosive of 60-inch diameter or greater could
generate such a shock. The only reasonable source is the liquid stage
above the solid. Estimates have been made of the shock pressure in a
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liquid hydrogen-liquid oxygen detonation; it is reported™’ that this may
as high as 45-50 kilobars and, correcting for impedance mismatching,
perhaps double that in the propellant acceptor. For the gases it will be
lower. Even worse, the LOX/RP-1 system may generate pressures

as high as'140-150 kilobars. Allowing for a reasonable interstage
separation distance plus the intervening hardware to attenuate the shock,
it may be unlikely that an initiating shock will reach the solid propellant.
Although the possibility of a transition from burning to detonation of the

solid must be considered, it has been demonstrated, even for the

sensitive double-base systems, that pressure rupture of the motor cases
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occurs rapidly enough to preclude such an incident. Thus, the one
mechanism by which a shock-initiated detonation becomes possible

requires a precursor detonation of the liquid second stage.

On the other hand, the history of gap testing demonstrates that
cracked or granular systems either detonate (stably) or contribute a
large amount of energy to the explosive shock wave, Even if the pro-
pellant is nondetonable, the occurrence of the postulated second-stage
detonations could initiate a fracture process which would furnish the
medium for the explosive reaction. Our ability to predict the extent
of fracture and the magnitude of the explosion is inadequate. Much
depends upon the source and location of the fracturing pulse. If it ig
external to the grain and at the head end, damage might not exceed
that resulting from a 20% TNT equivalent for the first stage.
Undoubtedly the nature of the motor would have a strong influence. A
crack might propagate easily through a monoclithic grain. It is hard to
see how it would propagate beyond the first segment of a multi-segment
motor. An internally generated (as from ignition) shock might be
sufficiently severe to shatter a large percentage of the propellant --
segmented or otherwise. If the source was on the external wall mid-
way between the ends, as with the Minuteman test,zo a great contribu-
tion might also result. Unfortunately, there is no known way to simu-
late these tests on a small scale -- not enough is known about fracture
mechanics., Adequate testing would have to be of a statistical nature,
and full-scale motors with complete upper stages would be required.
The cost would exceed, probably by one or more orders of magnitude,
the high cost of the relatively simple detonability test. For example,
the full-scale tests proposed for Minuteman in-silo hazard c¢lassifica-

tion would have cost $16, 000, 000 or rnore.3

The possible blast effect caused by an explosion of a specific
solid propellant motor is determined largely by the donor shock.
Though the propellant acceptor may be above its critical diameter, the
donor shock may be insufficient to initiate detonation, while at the same
time causing a violent explosion (subsequent to grain fracture).

Consequently, whether the solid grain exceeds its critical diameter is
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O_f less importance, as far as hazard evaluation is concerned, than the
integrated effect of the explosion of a liquid or other detonable donor

and solid propellant acceptor in the configuration of the actual rocket.

VII© Discussion

We are now on the horns of a dilemma. On the one hand is the
option of classifying all solid propellant systems as Class X explosives,
regardless of the formulation. Such a course immediately determines
the necessary quantity-distance criteria for the design of acceptable
facilities. Further testing is obviated. Among other advantages are
the fact that such a conservative approach permits a later change to a
detonable propellant with no penalty. Disadvantages include the

restrictions imposed upon site operations.

Recognizing, however, that the traditional classifications {II, X,
or what have you?) cannot realistically represent the actual danger, one
alternative is to test the full-scale system under the worst credible
operating conditions. Advantages include the great likelihood that less
severe restrictions need be imposed than those dictated by Class X
requirements. Concomitant are the decreased program expenses,
delays to this and other programs, reduced real estate requirements,
etc. Disadvantages include the great expense, in time and money, of
minimum tests, the not inconsiderable problem of defining and designing
minimurm tests, and the fact that no provision is made, in system siting,

for the potential later use of detonable systems.

In short, though Class X requirements are too severe, the
alternative also has serious disadvantages. It cannot be recommended
too strongly that the decision as to which course should be taken inevi-
tably involves many millions of dollars, and should be made with a view
towards the nation's entire space and missile effort; a piecemeal
approach, considering only the cost to a particular system, cannot be

adequate. (See, too(38))
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Meanwhile the wisdom and feasibility of accepting either course,
at least as this concerns future systems, can be affected in part by the
results of certain relatively inexpensive supporting research such as

that suggested in Part Il of this report.

VIII Summary

Evidence has been accumulated and is presented in such a way as
to justify the following hazard classification for the large (conventional)

sclid propellant motors envisioned for NASA space missions.

While being transported, motor segments may be considered as
fire hazards only; monolithic systems, in addition, may become pro-
pulsive or may rupture. During storagé, checkout and assembly, both
types may be handled as nondetonable, Class II systemsa. They may
also be Class II on the launch pad, prior to arming of the igniter or
fueling of the liquid stages. From that time on, they must be considered
as Class X detonable systems. Alternatively, a series of expensive
full-scale hazard tests may permit reduction of the hazard

classification.
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PART TWO: PROPOSED "EXPLOSIVES HAZARD
CLASSIFICATION PROCEDURE" ANALYSIS AND CRITICISM

I Introduction

The Armed Services Explosives Safety Board (ASESB) has,
for some time, been in the process of revising its ""Explosives Hazard
Classification Procedure.! The final document, when accepted by the
Services, will establish uniform criteria for tests from which hazard
classifications and hazard characteristics of explosive itermns and
explosive assemblies used by the Department of Defense agencies may
be determined, and to establish a procedure that will cause the same
hazard classification to be assigned by all such agencies to any one
explosive item or explosive assembly which is handled under similar

circumstances.

This represents a significant step towards the solution of
problems arising with the advent of systems incorporating large
masses of energetic materials of questionable detonability. The
ASESB has accomplished a major task in the face of great difficulty
and in an area in which little solid technical knowledge is available

for guidance.

The previous section of this Final Report dealt with the broad
problem of considering all of the hazards to which conventional solid
propellant motors might be exposed and estimating their consequences.
In this section the applicability of the proposed ASESB procedure to
these same systems is explored. It should be absolutely clear to the
reader that what follows applies only to conventional solid propellants

with nondetonable ingredients,

Section III of the referenced ASESB proposed classification
procedure is entitled "Introduction to Minimum Test Criteria for
Solid Propellants and Rocket Motors or Devices Containing Solid

Propellants.' This is the section which this report treats in detail
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and it is suggested that, at this point, the reader familarize himself
with its contents*. Upon doing so he will note that the proposed tests
are considered as applying to one {or more) of four phases. Each of
the latter is designed to establish, at an appropriate stage of pro-

pellant development, the precautions to be exercised,

I Detailed Analysis and Critique

Phase I relates to problems encountered in the utilization of
"a few pounds of propellant" and is designed to ascertain whether
quantities of one-half pound or larger can be shipped by commercial
transportation. The required tests include detonability, ignition,
thermal.stability,impact sensitivity, and differential thermal analysis,
and classification is assigned according to a formula utilizing informa-
tion as to which of the tests produced a detonation. Of the tests
enumerated, only the detonation test is suitably instrumented to
determine, even qualitatively, whether the sample has detonated.
The sample may explode during the other tests, but the difference
between an explosion and a detonation is precise and significant, and
sophisticated techniques are required to detect a true detonation.
For the case under consideration it would be particularly unfortunate
if a propellant were to be labelled falsely as being detonable. Thus,
although the tests specified definitely do help to determine the limits
within which a small sample can be shipped safely, exception must
be taken to the conclusion that detonability can be detected by any but
detonability tests.

Phase II tests are designed to permit classification of quantities
"from a few pounds of propellant to full scale motor. ' Critical
diameter, card gap, external heat, and bullet immpact tests are

specified. Again the critical diameter and card gap tests relate

aha
50

For convenience, Section IIl of the ASESB tentative procedure is
reproduced as an Appendix to this report. If and when finally approved,
it will appear as a change in Department of the Army Technical Bulletin
TB 700-2, Department of the Navy NAVWEPS Instruction 8020, 8, and
Department of the Air Force Technical Order 11A-1-47.
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directly to detonability and can be interpreted simply. However, the
speéified test conditions require that eight-inch-diameter samples

be used and that measurements be made of the contribution of the
propellant to peak blast pressures. For a given shock donor and

with truly nondetonable acceptors it has been established that the
measured TNT equivalent decreases with increasing length of the
propellant sample, Thus, though this test does relate to establish-
ment of shipping criteria for these small samples, the TNT equivalents
calculatéd from peak pressure measurements cannot be extrapolated

to larger systems, especially those of complex geometry.

The "'external heat'' test exposes the entire underside of a
5-inch-diameter simulated '""work horse' motor directly to the flames
of a lumber or fuel oil fire for 30 minutes or more. ''Detonation,
explosion, or pressure failure' are reported, along with a fragment-
despersion pattern, if any. Apgain, exception must be taken to the
test's implied ability to detect a detonation. Also, the results are
peculiarly a property of the motor as well as of the propellant, and
extrapolation of any of the results to other situations or to other

and larger motors would not be valid.

The requirements and interpretation of bullet sensitivity tests

are subject to the same limitations.

Final classification samples of Phase II size depends upon
interpretation of these test results. However, if Phase I testing
categorizes the propellant as ICC class A.ZS or Military Class 9, it
must be so classified for Phase 1l purposes regardless of the outcome
of the Phase II tests, Here is an excellent example of the dangers of
misinterpreting tests and extrapolating their implications. Thus,
under Phase I, if the ignition test is reported as producing a detona-
tion, it would seem that the propellant must be classified as mass-

detonating even for Phase II purposes.

The Phase III tests are designed to determine the actual hazard
characteristics of full-scale rocket motors or devices selected for

end itermn usage, the associated hazard classification, and the required
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quantity-distance relation that is required for safety. Quoting the
tentative procedure, ''this phase will demonstrate the actual hazards
associated with a rocket motor or device when exposed to detonation,
fragment penetration, fire, and drop. Further, only upon the
completion of this phase of testing, and when the results indicate
essentially only a fire hazard, can the Interstate Commerce Commission
classification be changed from A to B and Military classification be
changed from 10 to 2. " Presumably, although it is not stated explicitly,
individual segments would be classified separately when used separately
rather than according to their behavior when assembled. Furthermore,
it is to be hoped that the classification might be permitted to vary with

the element of risk inherent in a particular situation.

The Phase III tests include drop, external heat, bullet impact,
and detonation tests. If any of these tests results in a detonation, it is
required that the system be classified as mass-detonating, yet none
of the prescribed tests (inciuding that for detonability) is suitably

instrumented for this purpose.

The tests are to serve as a guide for establishing quantity-
distance requirements; these, of course, are independent of the deter-.
mination of detonability but should relate to the hazard to which the
system might be exposed. We recognize the realism of the drop and
bullet impact tests, although, in view of the vast amount of information
already available, the necessity of performing them repeatedly on the
same types of propellants is open to serious doubts. The expense of
performing these tests is so great that elimination of those unnecessary

and redundant should be greatly encouraged.

The external heat test presumably evaluates the response of
the test unit to a severe fire and, reportedly, reproduces the situation
in which an explosive unit is in a burning boxcar. For the units under
consideration here, highly specialized transportation (and storage)
facilities and procedures are being considered and designed. Presum-
ably, all such required equipment will be fireproof. Although the
possibility of fire cannot be ruled out, the severity of the test fire

seems, on the one hand, to impose too great a penalty upon the
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system, and, on the other, to ignore other, equally or more probable,
thermal excursions. Serious attention should be given to evaluating
further the applicability of more scientific tests such as adiabalic
self-heating or differential thermal analysis. In principle, the results
of these tests can, with suitable mathematical support, be applied to
various geometries and temperature environments and are, therefore,
capable of more general utility., Lastly, as relates to the quantity-
distance problem, individual segments will not explode. It is a

needless extravagance to subject them to bonfire tests.

The detonability test, like the bonfire test above, does not
seem to relate to any real possible situation. The test is not
instrumented to detect a detonation. Furthermore, the small size
of the required pentolite booster (2 inch diam. x 2 inch length) is
inadequate to initiate detonation in any but those propellants whose
critical diameter is of the order of two inches or less. It will already
have been established by previous (Phases I and II) testing whether
this condition exists. For the conventional propellants of very large
critical diameter, this test will not initiate a sustaining detonation,
although it may induce a relatively mild explosion within a restricted
region of the test propellant. The test is aimed at reproducing a
given hazard; it is difficult fo see what this hazard might be. Though
it simulates the situation involving a violent igniter-induced pressure
excursion, there is far too little information on either such excursions
or the proposed test conditions to indicate whether the equation is
valid. Even if it is, such excursions can occur only after the igniter
is installed and armed, i.e., while the fully assembled motor is on
the pad. The motor or its segments should not be penalized at all
times for the potentially extreme hazard existing only during a short,

well defined interval.

Phase IV tests are to apply to full-scale missiles and are
designed to simulate use conditions. Unlike the preceding tests they
are not mandatory except at the instance of the agency or service
involved. Of the several tests suggested, two appear to be germane

to the conditions treated here, viz., those aimed at measuring the
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effects of destruct systems on motors and of the detonation effect of
one stage of a missile on the remaining stages of the same missile.
The latter, being a far more severe test than the former, is also the -
more important. No test suitable to this objective is described in

the tentative procedure, however.

III Summary

As detailed in Part I of this final report, there is more than
ample evidence to confirm that the conventional propellants are
nondetonable except in very large diameters, as yet undetermined.
The tests required by the proposed "Explosives Hazard Classification
Procedure' appear to be directed toward relatively detonable systems
of small critical diameter. It appears that application of the test series
to conventional composite propellants cannot be recommended, since
the results may be misinterpreted in such a way as to penalize the
system unduly by requiring too conservative a classification. It is
apparent that a special set of tests must be designed to satisfy the
unique requirements of large conventional composite propellant

systems.
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PART THREE: RECOMMENDED ACTION

The really hazardous stage in the use of large solid motors,

- especially those of the segmented variety, arises only when the unit
is on the pad in preparation for launching. In particular, two
potentially dangerous events can occur. If the igniter malfunctions
or if the second stage explodes, an explosion of the first stage might
ensue. The latter would most probably be the more serious event
and should, therefore, guide the establishment of safety precautions.
Unfartunately, the ASESB-recommended hazard classification pro-
cedures furnish no guidance in this area. It remains therefore for

a specially devised approach to be taken. This is the subject of this
section of the report, and is discussed along two lines. First,
consideration is given to the design of tests for immediate solution
of the problem of establishing a hazard classification for the motors.
Then, suggestions are made for supporting research to be initiated

and aimed at the more general problem of solid propellant hazards.

A, Full-Scale Hazard Classification Tests

There is insufficient basic knowledge to predict the behavior
of the systemns under consideration; furthermore, there is no way of
designing a sub-scale test whose results could be reliably extrapolated
to the full-scale situation, The alternative to accepting the Class X
classification of the rocket on the stand is to perform a full-scale
test designed to simulate as closely as possible the worst accident

which might realistically be anticipated.

‘ Unless the tests are run, the quantity-distance relations for a
Class X system must apply, assuming a 100% TNT equivalent for the
propellant. Experience with other systems, such as Polaris and
Minuteman, indicates that the 100% figure is very probably highly
conservative, and that a more realistic allowance is probably in the

range of a 30-60% or even lower TNT equivalent. Nevertheless,
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since there are no reliable scaling laws, these latter figures cannot

be accepted without further t.esting; therefore, during terminal stages

of the launching operations, areas within a very large radius of the
launch pad must be secured against possible explosion. This action is
expensive in that numbers of people are idled, buildings within the
radius must be made explosion~proof, and other programs must be
delayed. Finally, to prevent the exposure of civilian off-base personnel

and facilities, additional real estate may have to be bought.

The alternative is also very expensive. The tests must be
full-scale (see, however, par. 4 below) and each motor tested will
cost many millions of dollars, In addition, there are the costs of
auxiliary instrumentation, transportation of the motor and other
equipment to the test site, and the entire cost of planning, managing,

conducting, and evaluating the tests. This cost is very dependent
| upon motor size but certainly would be of the order of five to ten
million dollars per test. Then consider that, for some measure of
reliability, the test should be duplicated, and that every time a
significantly new propellant formulation or motor design is proposed
further tests must be considered. Obviously this, too, is a costly
procedure, is time-consuming, and requires motors probably needed

urgently elsewhere.

The decision as to which course to follow is difficult. If the
tests are required, it appears that they should be of the following

general design.

Let us assume that the system considered does have a HZ -O2
#*
second stage. Schematically, the rocket may be represented as in

Figure 2A.

" ‘
The conclusions drawn herein apply generally to any other liquid
system.
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FIG.2 EXPLOSION OF SECOND STAGE ENGINE

The worst possible accident would involve a detonation of the hydrogen
and oxygen after they became completely mixed. Suppose the tanks,
both of hydrogen and of oxygen, were to leak or rupture simultaneously.
Assume that the liquids, as they evaporated, became completely mixed.
Furthermore, assume that the final volume was that of the mixture,
totally vaporized, but still at the boiling point of oxygen, 90°K. Further,
let this be an approximately spherical volume centered at the original
center of gravity of the intact second stage. If, as is likely, this
volume was large enough to include a part of the first stage and inter-
stage hardware, an allowance would have to be made to increase the
radius of the sphere to compensate for the volume within the sphere

not available to the gas mixture. We now have the situation shown in
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Figure 2b, The test would require duplication of this situation, followed
by initiation to detonation of the gases. Sufficient instrumentation should

be provided to permit measurement of

a) shock velocity within the gas volume and within the propellant
b) peak air blast pressures along several radii and at several
distances from the explosion

c) seismic, noise, and fragment effects of the explosion.

Some exploratory development is obviously required to assure that the
hydrogen-oxygen explosive donor can be assembled properly, safely,

and reliably.

Accordingly, if the decision is made to conduct these tests in
the very real anticipation that, by so doing, safety requirements can
be relaxed, the following should be undertaken, immediately, in the

order given.

1. Development of procedures for safe mixing of large quantities
of Hzand O2 in the same proportions as are used in liquid
engines. This should include an investigation of the probable
final temperature and state of the system resulting from the
spontaneous, irreversible mixing of the two present initially

e

as liquids at their respective boiling points.

2, Detonation, preferably in duplicate, of the resultant mixture.
Satisfactory design and scaling of these tests requires that
the size of the liquid stage or stages of the rocket be firmly
established previously. The center of the charge should be
at a distance above the ground which is the same as the
distance from the center of gravity of the rocket second
stage to the ground. These should be instrumented as

previously described.

* Reportedly, preliminary studies of this type have been initiated by
Professor Melvin Cook of the University of Utah.
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3. Using the above information, initiation of a brief study to
determine whether the explosive effects of the liquid stage
can be duplicated by a much simpler~to-assemble solid
explosive unit. Design of such an explosive donor, if

possible.

4. Repetition of step 2, in duplicate, using either the explosive
donor of step 3, or the HZ-O2 donor of step 2 in association
with the rocket first stage. For this set of tests it is
necessary to consider the extent to which all of the hardware
of the first and second stages must be duplicated. Much
of this is very expensive and should not be needlessly
destroyed. On the other hand, the interposition between
the shock donor and the solid propellant of a certain amount
of inert attenuation is necessary to duplicate the actual
conditions. Similarly, it probably is not necessary to
include much of the hardware at the exhaust end of the
solid motor except insofar as fragmentation hazards are
to be studied. In any event, the tests must be designed to
simulate the effect of an explosion of the liquid stage in
situ above the solid first stage. It may be possible to
conduct these tests on less than full-scale. For example,
if the solid stage consists of a cluster of individual motors
arranged in a circle about or below the liquid stage it may
be sufficient to use only one of the cluster, while still
retaining the spatial relation. This possibility should be

investigated promptly with the use of small scale assemblies.

B; Suggestions for Supporting Research

It is appropriate to itemize some of the important problems
for which, at the present time, there are no answers. These are

those towards which study should be directed.

1. When subjected to severe hydrodynamic shock, how much

of a given propellant will fracture? How does this depend
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upon: the pressure in the leading edge of the shock, the
time behavior in back of the leading edge, the mechanical
properties of the propellant? Under what conditions will
pure shock initiate burhing in the fractured propellant?
How fast will this burning propagate? Will additional
propellant fracture and burn as a result? To what extent
will the rapid deflagration contribute to the over-all shock
pressure? How does propellant geometry determine the

results ?

What is the critical diameter (for detonation} of typical
propellants ? FHow is this affected by geometry (e.g., grain
perforations), by mechanical properties, by formulation?
Can present theories predict critical diameter? If so,

what data are required and, of these, which are unavailable
{e.g., reaction rates and equation of state data at high

pressures and temperatures)?

The blast effect contributed by an exploding motor (of
conventional solid propellant) is determined by, among
other things, the strength of the initiating shock. The
nature of this problem has been discussed in the previous
section dealing with the requirements for full-scale test
with _Hz--O‘2 donors. If the Hz-C)2 system can be made
hypergolic, as with O3F2, to what extent does this reduce
the shock strength? For that matter, can the hypergolic

systemn be made to detonate ?

. Many very crude tests exist for measuring the thermal

stability of propellants. To what extent can these be replaced
by the more sophisticated techniques of adiabatic self-
heating or differential thermal analysis? Can the maximum
safe storage temperatures for various system sizes be
related to the results of such studies ? In fact, can these
chemical kinetic studies be used, in lieu of high pressure

and temperature data, in studies of detonation parameters ?
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Let us consider each of these problem areas in the order
given, In the field of fracture mechanics very little work has been
done. Most of the studies of the viscoelastic response of propellants
have been aimed at the long-term storage problem, definition of
residual stresses within a cast and cured grain and at behavior during
normal ignition. Very little is known about the mechanical response
of composite propellants to hydrodynamic shock. It is not possible
now to define the shock limits beyond which fracture will occur, or,
when it does, such things as propagation rate or direction and number

of failure sites.

A series of experiments designed to study this problem
should be initiated. For example, long cylinders of inert propellant
should be subjected at one end to shock. As is3dhown'in Figure 3,
this will cause fracture within a certain sample length. This length
and the size distribution of the resulting fragments should be measured.
The dependence of the results upon the initial shock profile and the
shock and sample dimensions should be studied. Then the effect of
changing sample geometry should be examined. For example, the
extent to which grain perforation affects the fracture propagation
pattern should be determined. The idea behind these studies is that
the contribution to a shock wave of an exploding propellant originates
largely from the explosively rapid combustion of that portion fractured
by the initiating shock. Of course this combustion may in turn generate
shocks which will fracture more propellant; however, analysis of the
complete process into its component steps is prerequisite to understand-

ing the over~-all process.

These studies will have to be conducted on a true propellant
simulant, for early work by Jones at DuPont demonstrated the vital

role played by the binder-oxidizer surface in rapid fracture34

Subsequent to these tests (or as a part thereof), it would be
important to watch the initiation and propagation of combustion within
the fractured propellant. Not only should such combustion be initiated

by shock but also by heat, as in the experiments of Macek, 35 using
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already fractured samples. Sophisticated electronic and very high speed

photographic techniques would be required.
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FIG. 3 PROPELLANT SHATTERING

Critical-diameter studies should be continued. There is, at
the present time, a significant amount of work being conducted at
various institutions aimed at developing models for the transition to
stable detonation of shocked propellants or propellant ingredients.ZT’ 28, 36
It has been proposed that some of these models are sufficiently advanced
to warrant their being tested. Such tests, inasmuch as they would
involve very-large-diameter samples, would be .difficult and expensive
to perform. Attention should be given to the possibility of applying
the predictions of the hypotheses to systems more easily handled.
Meanwhile, the theoretical work should continue; the tendency of such
studies to become bogged down in computer operations should be
scrupulously avoided. Whatever the theories, there are insufficient
physico-chemical data to use in applying them. The results of high-
temperature, high-pressure kinetic studies on propellants and

ingredients are badly needed. Equally, equation of state data for
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combustion reactants and, in particular, products are required.

The problem of duplicating a H,-0O, explosion is discussed
briefly elsewhere. Such studies are needed badly and should include
measurement of time-pressure profiles within and beyond the com-
bustion zone. Particularly intriguing is the possible use of O3Fz in

the oxygen to reduce the shock hazard significantly, 37

Finally, little progress has been made in substituting, for
current methods, the far more precise and significant results of
improved temperature-stability tests, though these have been
defined. That these methods can be performed routinely on a laboratory
scale, obviating the large and expensive bonfires, is only one attribute.
Their ability to predict hazards of storage is of inestimably greater
value. Still largely unexplored is their possible application to the
detection and monitoring of chemical degradation accompanying
long-term storage. Continued research should be undertaken to
provide the kinetic data required for application of the theory. The
research should include experimental studies on rocket propellants
and both experimental and theoretical studies (including development

of mathematical models) of the effect of grain geometry.
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PART FOUR: BIBLIOGRAPHY

The following is a list of miscellaneous references collected
during work on this report. Many of these references do not deal with
hazard classification of solid rocket propellants, but are of related
interest. The references are listed in alphabetical order according
to the company or place where the work was done. Wherever possible
the company or agency report number, the Armed Services Technical
Information Agency number (ASTIA AD number), and the Solid Pro-
pellant Infermation Agency file number have been included to facilitate

acquisition.

A list of subject headings is at the beginning of the bibliography.
These are numbered, and the numbers have been assigned to the report
references to which they apply. These subject categories have been
chosen and applied arbitrarily to the reports in the bibliography.
They are not meant to be definitive, but should give the reader an in-

dication of the kinds of information contained in the reports.
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. Existing Methods feor Hazard Evaluation
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44



BIBLIOGRAPHY

Aberdeen Proving Ground, Md. Explosive hazard tests of propellants,
by R. N. Dempsey, Project TB5-21, Rept. 3, n.d. (AD-228 458),
Unclassified,

Subject Headings: 13, 20, 21.

Aerojet-General Corp. Analysis of shock attenuation for 0.5- and
2.0-inch diameter card-gep sensitivity tests, by P, K, Salzman,
Rept. No. SRP 289, January 20, 1962,

Subject Headings: 1, 11, 12,

Aerojet-General Corp., Azusa, Calif. Application of surface decom~

position kinetics to detonation of ammonium nitrate, by W, H., Andersen

and R. F. Chaiken, TN 26, June 19, 1958, (AD-162 146), Unclassified.
Subject Headings: 1, 3,

Aerojet-General Corp., Azusa, Calif, The detonability of solid
composite propellants, Part I, by W. H. Andersen and R, F. Chaiken,
Tech. Memo 809 (Part I}, January 1959. Unclassified.

Subject Headings: 1, 3, 14, 16, 17,

Aerojet-General Corp., Azusa, Calif, Handbook of additives for the
reduction of temperature sengitivity of composite solid propellants,
by A. J. Secchi, et al., Rept. 1631 (special)}, August 1959, Confiden-
tial.

Subject Headings: 3, 18.

Aerojet-General Corp., Azusa, Calif. Reduction of temperature sensi-
tivity of composite solid propellants, by J. M. Flournoy, et al,,
Rept. No. 2793-3, February 14, 1958, Confidential.

Subject Headings: 3, 12, 16, 25,

Aerojet-General Corp., Azusa, Calif. Reduction of temperature sensi-
tivity of composite solid propellants, by A. J, Secchi, et al., Rept,
No. 1630 (final), July 17, 1959, Confidential.

Subject Headings: 3, 17,

Aerojet-General Corp., Azusa, Calif. Research and development of
solid propellants containing metallic hydrides, by F. H. Seubold,
et al., Rept. No. 0223-01-8, November 15, 1960, (SPIA File No. F042),
Confidential.

Subject Headings: 6, 16, 25,

Aerojet-General Corp., Azusa, Calif, Research on mechanisms of
detonation processes, by R. F. Chaiken and K. J,. Schneider, Rept.
No. 1772, March 15, 1960. (SPIA File No. S60-373), Unclassified.
Subject Headings: 6.
45



10,

11,

12,

13,

14,

15,

16,

17,

18,

Aerojet-General Corp., Azusa and Downey, Calif, Susceptibility of
solid composite propellants to explosion or detonation, by W, H.
Anderson, et al., Series of reports from 1959 to date (1962),
Confidential.

Subject Headings: 1, 3, 16, 19,

Aerojet-General Corp., Azusa and Sacramento, Calif, Polaris power
plant development, Series of reports. Confidential.
Subject Headings: 6, 13, 19, 27,

- Aerojet-General Corp., Downey, Calif. The critical diameter concept

and its application to the explosive hazard evaluation of solid pro-
pellant rocket motors, December 21, 1961. Unclassified,
Subject Headings. 1, 11.

Aerojet-General Corp., Downey, Calif, Study of solid-composite pro-
pellant explosive behavior in 3KS5-1000 size motors, by D, V. Paulson,
R. B. Christensen, et al,, Series of reports. Confidential,

Subject Headings: 1, 19, 25, 27.

Aerojet-General Corp., Sacramento, Calif, Investigation of unstable
burning in composite propellants, by R. L. Lou, et al., Rept. No,
0181-01Q-1, August 22, 1958, Confidential.

Subject Headings: 3, 16.

Aerojet-General Corp., Sacramento, Calif. Mobility envircnment
investigation program, Vol. 9. Technical operating report on
Weapon Systems 133A and 133A-M, Detailed program plan, by
C. C. Conway, Rept. No, 0162-01PP-5, May 10, 1961. (AD-269 246},
Unclassified,

Subject Headings: 1, 8, 11, 12, 14, 18, 19, 20, 28,

Aerojet-General Corp., Sacramento, Calif, Polaris Al propulsion
subsystem analysis, by W. R. Kirchner, Rept. No. SRP 233, January 1,
1961, (SPIA File No. F497), Confidential.

Subject Headings: 6, 19, 27,

Aerojet-General Corp., Sacramento, Calif. A program for the develop-
ment of solid propellant for large-impulse, high-performance, solid-
propellant rocket motors, by M. W. Shookhoff, Rept. No. 0349-0lF,
November 1961, (AD 326 564), Confidential,

Subject Headings: 1, 3, 16.

Aerojet-General Corp., Sacramento, Calif. Research and development
of an advanced Polaris propellant, by R. L., Parrette, et al,, Series
of reports, Confidential.

Subject Headings: 16, 27.

46



19,

20,

21.

22,

23.

24.

25.

26,

27.

28.

Aerojet-General Corp,.,, Sacramento, Calif, Second-stage Minuteman
detonation sensitivity test, by C, C., Conway, Rept, No, 0162-01DR-3,
November 7, 1960. (AD-327 303), Confidential,

Subject Headings: 1, 11, 12, 28,

Aerojet-General Corp., Sacramento, Calif. Weapon system 133A,
Minuteman, Detonation sensitivity test program, Rept. No. 0l62-
O1DR~10, February 28, 1961, Confidential,

Subject Headings: 1, 28,

Aeronutronic, Newport Beach, Calif. Explosive hazards of rocket
launchings, by J. J, Oslake, et al., TR U-108:98, November 30, 1960,
(SPIA File No. F903), Unclassified.

Subject Headings: 13, 24,

Aeronutronic, Newport Beach, Calif, Initiation of detonations, by
H. W, Hubbard and M. H, Johnson, J. Appl. Phys. 30, 765-9 (May 1959},
Subject Headings: 1.

Aeronutronic, Newport Beach, Calif, Study of detonation behavior
of solid propellants, by M. H. Boyer, et al,, Series of reports from
1957 to date (1962), Unclassified,

Subject Headings: 1,

Air Force Flight Test Center, Edwards Air Force Base, Calif,
Detonation test aerojet senior motor test 60-13, by D E, Hasselmann
AFFTC TR 61-20, April 1961. (AD-256 740), Unc1a551fled

Subject Headlngs. 11, 25,

Allegany:Ballistics Lab., Hercules Powder Co., Cumberland, Md,
Status of development projects, Series of reports. Confidential.
Subject Headings: 6, 13, 24,

Armament Research and Development Establishment, Great Britain.

The burning to detonation of solid explosives, Part 2, Development

of photographic techniques, by N. Griffiths and J. M, Groocock,

A.R.D.E, (MX) 6/59, March 1959, (SPIA File No. F2448), Unclassified,
Subject Headings: 1, 12,

Armament Research and Development Establishment, Great Britain.

The effects of atomic weapons on ammunition. I. Unguided rockets,

by J. C, Litton, A.R.D.E. Memo (B)1/58, March 25, 1958. Confidential,
Subject Headings: 24.

Armament Research and Development Establishment, Great Britain.
Some aspects of ignition and abnormal burning of solid propellant
rocket charges, by J. U, Woolcock, A.R.D.E. Memo. (P) 45/58,
August 1958, Confidential,

Subject Headings: 1, 3,

47



29,

30,

31,

32,

33.

34.

35,

36,

37.

38.

Armament Research and Development Establishment, Great Britain.
Some detonation characteristics of explosive mixtures, by W. M.
Evans and A. R. Martin, A.R.D.E. Memo 21/60, April 1960, (SPIA
File No. F2456), Confidential/Discreet.

Subject Headings: 1, 16,

Armed Services Explosives Safety Board, Washington, D. C, Minutes
of the Explosives Safety Seminar on High-Energy Solid Propellants,
held at the Naval Propellant Plant, Indian Head, Md., June 10-11,
1959.

Subject Headings: 13, 24,

Armed Services Explosives Safety Board, Washington, D, C, Minutes
of the second Explosives Safety Seminar on High-Energy Solid Pro-
pellants held at Redstone Arsenal, Huntsville, Ala,, July 12-14,
1960.

Subject Headings: 13, 24,

Armed Services Explosives Safety Board, Washington, D, C, Minutes
of the third Explosives Safety Seminar on High~Energy Solid Propellants
held at the Mission Inn, Riverside, Calif., Aug. 8-10, 1961,

Subject Headings: 13, 24.

Army Ballistic Missile Agency, Huntsville, Ala, A committee study
of blast potentials at the Saturn launch site and a contractor study
of blast forces on structures, by C. J. Hall, DMM-TR-9-60, February
1960, (AD-315 720), Confidential, '

Subject Headings: 10, 22, 29,

Army Dept., Washington, D. C. Military explosives, TM-9-1910/ to
11A-1-34 (supersedes TM2-2900), April 14, 1955, Unclassified.
Subject Headings: 13, 24,

Army Missile Test Center, White Sands Missile Range, New Mex,
Sergeant. Preliminary evaluation of Sergeant rocket motor, by
J. L. Garcia, Tech. Memo. 844, April 1961, (AD-322 795), Confi-
dential, :

Subject Headings: 8, 12, 20, 24, 42,

Army Ordnance Corps., Washington, D. C. Ordnance safety manual,
Ord M-7-224, September 1951, Unclassified.
Subject Headings: 24.

Army Ordnance Corps, Washington, D, €. Safety requirements for the
manufacture and loading of castable composite propellants, March 1960,
Subject Headings: 13, 24,

Army Rocket and Guided Missile Agency, Huntsville, Ala. Mathematical
approach to solid-propellant grain design, by H. K. Lumpkin, ARGMA

TN 1G5N, December 21, 1959,
Subject Headings: 6, 14.

48



39,

40,

41,

42,

43.

44,

43.

416.

47 .

OSNERINTIIER

Army Rocket and Guided Missile Agency, Huntsville, Ala. Minutes

of the second review of rocket propellant supporting research being

conducted within the Army Rocket and Guided Missile Agency for the

period of 1 April 1960 - 31 March 1961, held at Redstone Arsenal,

25 April 1961, ARGMA TN 2L2N, July 1961. {AD-326 998), Confidential,
Subject Headings: 6, 19,

Army Rocket and Guided Missile Agency, Huntsville, Ala. Quarterly
report, Propulsion Lab,., Ordnance Missile Labs. Div,, ARGMA TR 1D1R-2,
November 1859. Confidential.

Subject Headings: 9, 10, 11, 12, 14, 24,

Army Rocket and Guided Missile Agency, Huntsville, Ala, Quarterly
report. (Solid propellant and igniter development), Rept. No.
3M7N24, January 1, 1958. Confidential.

Subject Headings: 1, 4, 5.

Army Rocket and Guided Missile Agency, Huntsville, Ala. Thermal
stress analysis in the graein, by B. R. Phillips, ARGMA TM 1G15M,
August 9, 1960, (SPIA File No. F194), Unclassified.

Subject Headings: 3, 19.

Army Rocket and Guided Missile Agency, Huntsville, Ala., 205 Datatron
digital computer grain design program of a perforated star, by R. G.
Anderson, ARGMA TM 1G6M, November 10, 1959, (SPIA File No. F193},
Unclassified.

Subject Headings:. 12, 19,

Arnold Engineering Development Center, Arnold Air Force Station,
Tenn, Localized heating of a Bell XILR81-BA-9 nozzle extension
caused by the impingement of an exhaust jet from an Aerojet 20KS120
rocket motor at high altitude, by D. L, Barton, AEDC TN 60-198,
November 1960, (AD-320 126), Confidential.

Subject Headings: 3, 24,

Atlantic Research Corp., Alexandria, Va. Development and production

of a solid propellant rocket motor for the Redeye missile, Monthly

progress reports 1-21, Rept. No. 21 dated May 1961, Confidential,
Subject Headings: 2, 3, 5, 7, 9, 10, 19, 24, 26,

Atlantic Research Corp., Alexandria, Va. Flight assurance test
program of a solid propellant rocket motor for the Redeye missile,
September 15, 1961, (SPIA File No. F1998), Confidential,

Subject Headings: 7, 8, 9, 13, 26. '

Atlantic Research Corp., Alexandria, Va., The mechanism of deflagra-
tion of pure ammonium perchlorate, by R. Friedman, et al,, AFOSR
TN 59-173, n.d. (AD-211 313), Unclassified,

Subject Headings: 3.

49



48 .

49,

50,

51.

62.

53.

54,

95.

56.

57.

Ballistic Research Labs., Aberdeen Proving Ground, Md, Chemical
decomposition of stabilized propellants, by L. DeAngelis and
G. F. Gardin, Memo Rept. 1339, April 1961, (SPIA File No. F1496),
Unclassified.

Subject Headings: 6.

Ballistic Research Labs,, Aberdeen Proving Ground, Md. The vulner-
ability of solid propellant rocket engines to fragment impact, by
D. W. Stultz and W. 8, Vikestad, BRL Memo, Rept. 1153, June 1958,
(AD-301 649), Confidential,

Subject Headings: 5, 9, 12, 16, 17,

Brown University, Div, of Applied Math., Providence, R. I. The
applicability of linear viscoelastic analysis to rocket grain
design, by E. H. Lee, TR No. 3, July 1958,

Subject Headings: 14, 19,

Brussels University, Belgium. Recent advances in solid propellant

grain design, by J, A, Vandenkerckhove, ARS Jr, 29, 483-91 (July 1959).

Subject Headings: 14.

Brussels University, Belgium, Thermal stresses and strains in

elastic cylindrical and case-bonded grains, by J. A. Vandenkerckhove,

Astronautica acta 6, 342-53 (November 1961),
Subject Headings: 19.

Bureau of Mines, Pittsburgh, Pa. Explosion hazards of high cnergy
monopropellant systems, by C. M. Mason and J. Ribovich, Rept. No.
3839, June 30, 1961. (AD-327 063), Confidential,

Subject Headings: 12, 16, 24, '

Bureau of Mines, Pittsburgh, Pa. Investigation of susceptibility
to detonation of propellants, by C. M. Mason, et al., Summary Rept.
No. 3647, October 1956-September 1957. Unclassified,

Subject Headings: 1.

Bureau of Mines, Pittsburgh, Pa, Investigation of susceptibility
to detonation of propellants, by C. M. Mason, et al., Rept. No.
3734, October 1957-September 1958,

Subject Headings: 1.

Bureau of Mines, Pittsburgh, Pa. Method for the study of deflagra-
tion to detonation transition, by F. C. Gibson, et al.,, Rev, Sci.
Instr. 30, 916-9 (October 1959)

SubJect Headings: . 1, 11.

Bureau of Mines, Pittsburgh, Pa., Review of fire and explosion

hazards of flight vehicle combustibles, by R, W. Van Dolah, et al.,

ASD TR 61-278, April 1961. (SPIA File No, F2012), Unclassified,
Subject Headings: 24,

50



58,

59,

60,

61,

62,

63 .

64,

85,

66,

67.

l=l""..!!!i.'!l"..i‘

Bureau of Mines, Pittsburgh, Pa. 8Safety and combustion character-
isties of homogeneous and heterogeneous monopropellant systems,
by C. M. Mason, et al., Rept. No. 3768, February 1960. {AD-315 292),
Confidential,

Subject Headings: 6, 16,

Bureau of Mines, Pittsburgh, Pa., Safety and combustion character-
istics of homogeneous and heterogeneous monopropellant systems, by
C. M, Mason, Rept. No. 3811, December 31, 1960 (AD-322 967),
Confidential,

Subject Headings: 6, 16,

Bureau of Mines, Pittsburgh, Pa. Safety-evaluating the explosive

character of chemicals, by R, W, Van Dclah, Ind. Eng, Chem. 53, 59

(July 1961). __
Subject Headings: 16, 24,

Bureau of Mines, Pittsburgh, Pa. Studies on deflagration to
detonation in propellants and explosives, by F. C. Gibson, et al.,
Series of reports, Unclagsified.

Subject Headings: . 1.

California University, Berkeley. On the speed of reactions at high

pressures, by E. Teller, J. Chem. Phys. 36, 901-3 (February 15, 1962).

Subject Headings: 1, 6.

Callery Chemical Co,, Pa. Design of safety equipment for handling
high-energy research materials of unknown sensitivity, by J. P,
Cherenko, August 1961.

Subject Headings: none,

Canadian Armament Research and Development Establishment. The
control of hazards associated with the processing of pourable com-
posite propellants, by B. J. Holsgrove, CARDE Tech. Memo 181/58,
December 1958. Confidential.

Subject Headings: 24,

Canadian Armament Research and Development Establishment, Pro-
pellant section explosives wing. (Development of composite
propellants and rocket motors), Series of CARDE quarterly progress
reports, Confidential.

Subject Headings: 6.

Dresser Dynamics, Special instrumentation for solid propellant
deflagration to detonation transition studies, by R. P. Clifford,
Rept. No. DD 101 (final), n.d. Confidential,

Subject Headings: 1, 10, 11.

BuPont de Nemours, E. I., and Co,, Inc., Wilmington, Del. Fracture
mechanics of solid propellants, Series of guarterly reports,
Confidential.

Subject Headings: 6, 19.

51

m . Lo B



68,

69,

70,

71.

72.

73.

74.

75.

Esso lLabs., Linden, N. J. Quarterly progress report on research on
advanced solid propellants, December 11, 1959-March 10, 1960,
(SPIA File No. 560-640), Confidential.

Subject Headings: 12, 13.

Esso Labs., Linden, N. J. Safety in handling high energy pro-
pellant ingredients, by €. L. Knapp, IN: SPIA, Bulletin of the
17th Meeting, JANAF-ARPA-NASA Solid Propellant Group, 1, 143-54
(May 1961). Confidential, '

Subject Headings: 24.

Explosives Research and Development Establishment, Great Britain.
An investigation of the explosive hazards of ammonium perchlorate/poly—
urethane rubber propellants in the uncured and cured conditions, by
J. K. Clark and P, D. Verschoyle, Tech. Memo. 6/M/60, September 1960.
(SPIA File No. S560-1564), Confidential,

Subject Headings: 1, 3, 7, 11, 21,

Explosives Research and Development Establishment, Great Britain.
Mechanical testing of solid propellants by impact, by J. H. C.
Vernon, Tech. Memo 8/M/60, November 1960, (SPIA File No. F155),
Confidential,

Subject Headings: 4, 8,

Explosives Research and Development Establishment, Great Britain,
A simple mechanical blast meter for comparative measurement of
blast effect, by S. M. Brown, et al., Tech. Memo. 4/M/60, May 1960,
(SPIA File No. 560-928), Confidential.

Subject Headings: 10, 12, 15,

Feltman Research Labs., Picatinny Arsenal, Dover, N. J. A new

device for examining the chemical stability of propellants and

explosives, by K. Schriever, FRL-TN-25 (Trans. from Explosivstoffe 8,

5-7, Jan. 1960), August 1961. {AD-267 328), Unclassified. -
Subject Headings: 6.

Explecsives Research and Development Establishment, Great Britain.
Sensitivity of high explosives: Projectile and gap tests, by
5. M. Brown, et al,, ERDE 6/R/59, May 1959. (SPIA File No,. F2623),
Confidential,

Subject Headings: 1,

Feltman Research Labs., Picatinny Arsenal, Dover, N, J. A statis-
tical evaluation of the pyrotechnics electrostatic sensitivity
tester, by E. Crane, et al., TN-26, July 1959. (SPIA File No. F327),
Unclassified.

Subject Headings: 11, 12,

52



76.

77,

78.

79,

80,

81.

BZ.

83.

84.

SONMSDTIT

Frankford Arsenal, Philadelphia, Pa. Evaluation of extended environ-

ment propellants, by M., Visnov and W. White, Quarterly progress

report 1, Aug.-Oct. 1960. (SPIA File No. F227), Confidential,
Subject Headings: 3, 7.

Grand Central Rocket Co,, Redlands, Calif. Development of Nike-Zeus
propulsion systems for Douglas Aircraft Co., Monthly progress reports,
Confidential,

Subject Headings: 16, 19, 23.

Grand Central Rocket Co., Redlands, Calif, Research and development
for advancing the state of the art of segmented solid propellant
rocketry, by M. F. Malis, Rept. P-0139-60, August 19-November 18, 1960,
(SPIA File No. F009), Confidential.

Subject Headings: 18,

Guggenheim Aeronautical Lab., Calif. Institute of Technology, Pasadena,
Fundamental studies relating to systems analysis of solid propellants,
by R. A. Schapery, et al., Progress Repts. Nos. 1-3, GALCIT 101,
January 15, 1952. Unclassified.

Subject Headings: 6.

Hercules Powder Co,, Magna, Utah, Engine hazard evaluation tests,
summary report, MTI-271, July 29, 1960, Confidential.
Subject Headings: 6, 13,

Imperial College of Science and Technology, London, Great Britain,
The detonation of solid explosives, by H, Jones and A. R. Miller,
Proc. Roy. Soc. (London) A-194, 480 (1948).

Subject Headings: 1.

Imperial College of Science and Technology, London, Great Britain,
A theory of the dependence of the rate of detonation of solid
explosives on the diameter of the charge, by H. Jones, Proc. Roy.
Soc, {London) A-189, 415 (1947).

Subject Headings: 1, 14,

Institute of Environmental Sciences, New York City, N. Y. Summary
of shock test instrumentation, by D. B. Aklidge and R. F. Morse, IN:
Proceedings of Instrumentation for Environment, Institute of Environ-
mental Sciences, New York, December 10-11, 1959,

Subject Headings: 11, 12,

Institute of the Aeronautical Sciences, N, Y. The strain analysis
of solid propellant rocket grains, by M. L. Williams, Paper 59-110,
June 1959,

Subject Headings: 19,

53



85.

86,

87.

88,

89.

g0.

g1.

92.

Interstate Commerce Commission, Washington, D. C. Tariff No. 10
publishing Interstate Commerce Commission regulations for transpor-
tation of explosives and other dangerous articles by land and water,
in rail freight service and by motor vehicle (highway) and water
including specifications.for shipping containers, Effective
June 18, 1957,

Subject Headings: 20.

Jet Propulsion Lab., Calif. Inst. of Tech., Pasadena. The effect

of a shock wave on a burning.solid propellant, by E. M. Landsbaum,

Tech. release 34-97, June 27, 1960, (AD-239 667), Unclassified.
Subject Headings: 1.

Jet Propulsion Lab., Calif. Inst. of Tech., Pasadena. Preparation
and unexpected detonation of magnesium-ccated ammonium perchlorate,
by E. Franzgrote and C, Stembridge, Progress rept. 30-13, July 10,
1959, Confidential,

Subject Headings: 6, 16,

dJet Propulsion Lab,, Calif. Inst. of Tech.,, Pasadena., Using scale
rocket motor performance as a basis for the acceptance of large
rocket motors, by F. L. Sola, IN: SPIA, Bulletin of the 16th
Meeting JANAF Solid Propellant Group, 5, 147-66 (June 1960), Con-
fidential. -

Subject Headings: 13,

Laboratory techniques for the determination of thermal stability,
by K. G. Scrogham, IN: Bulletin of the JANAF Meeting, Panel on
Physical Properties and Surveillance of Solid Propellants, September
20, 1960. Confidential.

Subject Headings: 3, 7.

Lockheed Aircraft Corp., Burbank, Calif, Study on minimization of
fire and explosion hazards in advanced flight vehicles, Rept. for
June 1960-Aug. 1961 on Design criteria for fire and explesion
hazards in advanced flight vehicles, Rept. No. 15156, October 1961.
(AD-269 559), Unclassified.

Subject Headings: 7, 11, 24,

Los Alamos Scientific Lab., N, Mex. Detonation phenomena in homo-
geneous explosives, by A. W. Campbell, et al., Nature 178, 38-9
(July 7, 1956). T

Subject Headings: 6.

Los Alamos Scientific Lab,, New Mex, Diameter effect in condensed
explosives. The relation between the velocity and radius of curva-
ture of the detonation wave, by W. W. Wood and J., G. Kirkwood, J.
Chem. Phys. 22, 1920-4 (1954},

Subject Hezaings: 1, 14,

54



«SOMERENRES

83, Los Alamos Scientific Lab,, N, Mex., Particle-size effects in
explosives at finite and infinite diameters, by M. F. Malin,
et al., J. Appl. Phys, 28, 63-9 (January 1957),
Subject Headings: 19,

94. Los Alamos Scientific Lab.,, N. Mex. Precision measurement of
detonation velocities in liquid and solid explosives, by A, W,
Campbell, et al., Rev. Sci. Instr., 27, 567-74 (1956).

Subject Headings: 6, 12, __

95. Michigan Uﬁiv., Ann Arbor., On the structure of plane detonation
waves, by T. C. Adamson, Jr,, Phys. Fluids 2, 706-19 (sept.-0Oct,
1960).

Subject Headings: 1,

96. Ministére de la Defénse, Tel Aviv, Determination de la sensibilite
des explosifs a 1l'initiation, by A, Shamgar, IN: 27th International
Congress of Industrial Chemistry (Powders and Explosives), Brussels,
Belgium, September 1954, pp. 100-2,

Subject Headings: 1.

97. Ministry of Supply, Great Britain. Explosion temperature, calori-
metric value, force constant of propellants and the coefficient of
isentropic expansien in the barrel, by P, Tavernier, Translation:
TIL/T.4837, February 1959, (SPIA File No, F2532), Unclassified.

Subject Headings: 1, 3.

98. Ministry of Supply, Great Britain. The problem of the mechanism
of transition from burning to detonation in explosives, by K. K.
Andreev, Translation: TIL/T.4681, April 1959, (SPIA File No.
F2529), Unclagsified.

Subject Headings: 1, 16,

98, Minnesota Mining and Mfg. Co., St. Paul. Chemical research as
related to advanced solid propellants, by J. G. Frickson, et al.,
Rept, No, 8, May 15, 1961, (SPIA File No. F1390), Confidential.

Subject Headings: 1, 3,

100, NASA, Langley Research Center, Va. A preliminary investigation on
the destruction of solid-preopellant rocket motors by impact from
small particles, by D. J, Carter, Jr., Tech. Note D-442, September
1960. (SPIA File No, S60-1129), Unclassified,

Subject Headings: &, 9.

101. Naval Ammunition Depot, Concord, Calif. Proceedings of Bureau of
Naval Weapons missiles and rockets symposium, 18-21, April 1961.
(SPIA File No. F2462), Unclassified.
Subject Headings: 12, 13.

55



CONMBNTIE

102, Naval Ordnance Bureau, Washington, D. C. Explosives research memo
No. 4, Tentative theory of mechanical sensitivity, by G. Gamow,
NAVORD ERM-4, December 1943,

Subject Headings. 4.

103. Naval Ordnance Lab., White Oak, Md. Analysis of exXperimental data
on detonation veleocities, by E. A. Christian and H. G. Snay, NAVORD
1508, 1951, Confidential,
Subject Headings: 6,

104, Naval Ordnance Lab., White Oak, Md. The attenuation of shock in
lucite, NAVORD 6876, n.d. (SPIA File No. $60-1733), Unclassified.
Subject Headings: 1, 11,

105. Naval Ordnance Lab,, White Cak, Md. The behavior of explosives at
very high temperatures, NAVWEPS 7328, October 14, 1960. (SPIA
File No. F505), Unclassified.
Subject Headings: 3, 4.

106, Naval Ordnance Lab,, White Qak, Md. Contact photography of impact
explosions, by J. Wenograd, NAVORD 6767, January 15, 1960. (SPIA
File No, S60-326), Unclassified,
Subject Headings: 4, 8, 12,

107, Naval Ordnance Lab.,, White Oak, Md. Continuous oscillographic
’ method for measuring the velocity and conductivity of stable and
transient shock in solid cast explosives, by A. B. Amster, et al.,
Rev. Sci. Instr. 31, 188-92 (Feb, 1960),
Subject Headings: 1, 11, 12,

108. Naval Ordnance Lab., White Oak, Md. The correlation of the impact
sensitivity of organic high explosives with their thermal decom-
position rates, NAVORD 5730, September 30, 1857.

Subject Headings: 3, 4.

109, Naval Ordnance Lab., White Oak, Md, Current status of the prepellant
sensitivity program at NOL, by A. B. Amster, et al., NAVORD 6091,
May 20, 1938,
Subject Headings: 1, 16.

110. Naval Ordnance Lab., White Oak, Md. Dependence of damage effects
upon detonation parameters of organic high explosives, by D. Price,
Chem, Revs. 59, 801-25 (Oct. 1959).
Subject Headings: 2, 16.

111, ©Naval Ordnance Lab., White Oak, Md. The desensitization of ammonium
perchlorate to impact, by H. Heller, NAVORD 6686, July 14, 1959,

Confidential,
Subject Headings: 4, 16.

56

o



112. Naval Ordnance Lab.,, White Qak, Md. Determination of the shock
pressure required to initiate detonation of an acceptor in the
shock sensitivity test, by I. Jaffe, et al., ARS Jr. 32, 22-5
(January 1962).

Subject Headings: 1, 11.

113. Naval Ordnance Lab., White Qak, Md. Detonability of solid pro-
pellants. I, Test methods and instrumentation, by A. B. Amster,
et al., NAVORD 5788, February 3, 1958, (AD-158 533), Unclassified.
Subject Headings: 1, 11,

114, Naval Ordnance Lab., White Oak, Md. Detonability of solid pro-
pellants, II. Sensitivity of some double base and composite pro-
pellants, by A. B, Amster, et al., NAVORD 6222, December 15, 1958,
Confidential. Subject Headings: 1, 3, 4, 8, 16.

115, Naval Ordnance Lab., White Qak, Md., Detonability of propellants,
I1I. Shock sensitivity of confined large diameter charges of Polaris
propellants, by A. B. Amster, et al., NAVORD 6289, March 16, 1959,
Confidential,

Subject Headings: 1, 3, 11, 14, 27.

116, Naval Ordnance Lab., White Oak, Md., The effect of composition and
density on the sensitivity and the output of DATB and DATB/ZYTEL
(95/5), by J. N. Ayres, NAVWEPS 7348, January 15, 1961. (SPIA
File No, F906), Confidential,

Subject Headings: 1, 15, 16.

117, Naval Ordnance Lab., White Oak, Md. Explosives, propellants and
pyrotechnic safety covering laboratory, pilor plant and production
operations, by R. McGill, NOLTR 61-138, October 20, 1961,

(AD-272 424 ), Unclassified.
Subject Headings: 24.

118. Naval Ordnance lab., White Oak, Md. Heat resistant explosives.
VIII. 2,2', 4,4',6,6'-Hexanitrobiphenyl (HNB) and 2,2'2",4,4',4",
6,6',6"-nonanitroterphenyl, by J. C. Dacons, NAVORD 6904, June 15,
1960, (SPIA File No. S60-1018), Confidential.

Subject Headings: 3.

119. Naval Ordnance Lab., White Oak, Md., Initiation to detonation of
high explosives by shocks, by J. M. Majowicz and S, J. Jacobs,
NAVORD 5710, March I, 1958,

Subject Headings: 1,

120. Naval Ordnance Lab., White Oak, Md. Large scale gap test. Inter-
pretation of results for propellants, by D. Price, NAVWEPS 7401,
March 15, 1861. (SPIA File No. F1240), Confidential,

Subject Headings: 1, 11,

57



Iill " - -—-: a-vl

121, Naval Ordnance Lab., White Oak, Md, Large scale shock sensitivity
test., Compilation of NOL data for propellants and explosives, by
I. Jaffee, et al., NOLTR-61-4, May 15, 1961, (SPIA File No. F1596),
Confidential,
Subject Headings: 1, 11,

122. Naval Ordnance Lab,, White Oak, Md. The mechanism of the transition
from deflagration to detonation in high explosives, by C, T. Zovko,
NAVWEPS 7393, April 14, 1961. (SPIA File No. F1316), Unclassified.

Subject Headings: 1,

123. Naval Ordnance Lab,, White QOak, Md. A method for the determination
of the critical diameters of explosives, by I, Jaffe, et al.,
NAVWEPS 7360, December 20, 1960, (SPIA File No. F8860), Unclassified,
Subject Headings: 14.

124, Naval Ordnance Lab., White Oak, Md., Method for the study of defla-
gration to detonation transition, by A, B. Amster, Rev. Sci. Instr,
31, 219 (Feb, 1960),
" Subject Headings: 1, 3, 13, 19.

125, Naval Ordnance Lab., White QOak, Md. Noise intensity measurements
in the study of impact sensitivity, by J. R. Holden, NAVORD 6740,
November 2, 1959, (SPIA File No. S60-194), Unclassified,

Subject Headings: 4.

126, ©Naval Ordnance Lab., White ©ak, Md. Proceedings of the Gilbert
B. L. Smith Memorial Conference on Explosive Sensitivity, prepared
by R. McGill and P, L, Holt, NAVORD 5746, June 2, 1958, Confidential.
Subject Headings: 1, 11,

127. Naval Ordnance Lab., White Oak, Md. Sensitivity of explosives.
VII. Transition from slow burning to detonation: A model for shock
formation in a deflagrating solid, by A. Macek, NAVORD 6105,
May 12, 1958,
Subject Headings: 1.

128, Naval Ordnance Lab., White Qak, Md. Sensitivity of explosives
IX, Belected physico-chemical data of ten pure high explosives,
by R. Gipson, NAVORD 61-30, June 18, 1958.
Subject Headings: 1.

129, Naval Ordnance Lab., White OCak, Md. Sensitivity of propellants:
The adiabatic self-heating of AHH, Arcite 358 and ANP 2639AF, by
A, B. Amster, NAVORD 6236, January 15, 1959, Confidential,
Subject Headings: 1, 3.

130, Naval Ordnance Lab., White Oak, Md., Standardization of the small
scale gap test used to measure the sensitivity of explosives, hy

J. N. Ayres, NAVWEPS 7342, January 16, 1961,
Subject Headings: 11,

58



131.

132,

133.

134.

135.

136,

137,

138,

139.

140.

Naval Ordnance Lab., White Qak, Md. The thermal sensitivity of

explosives and propellants, by J. Wenograd, NOLTR 61-97,

September 1, 1961, (SPIA File No. F3256), Confidential.
Subject Headings: 3.

Naval Ordnance Lab,, White Oak, Md. Transition from deflagration
to detonation in cast explosives, by A. Macek, J. Chem. Phys. Ei,
162-7 (July 1959).

Subject Headings: 1.

Naval Ordnance Lab,, White Qak, Md. Transition from slow burning
to detonation: Flame fronts and compression waves during growth
of detonation, by R, W. Gipson and A, Macek, NAVORD 6759, November
1959, (SPIA File No. $60-367), Unclassified.

Subject Headings: 1.

Naval Ordnance Lab.,, White Oak, Md, Transition from slow burning
to detonation. Partial report on experimental work in 1958-1059,
by R. W. Gipson and A, Macek, NAVORD 6867, August 1860. (SPIA
File No. 860-1068), Unclassified.

Subject Headings: 1.

Naval Ordnance Lab,, White Oak, Md. Varicomp: A method for
determining detonation-transfer probabilities, by J. N, Ayres,
et al., NAVWEPS 7411, June 30, 1961. (SPIA File No. F2002),
Unclassified,

Subject Headings: 11.

Naval Ordnance Lab., White 0Oak, Md. The mechanism of the transition
from deflagration to detonation in high explosives, by C. T. Zovko,
NAVWEPS 7393, April 14, 1961,

Subject Headings: 1,

Naval Ordnance Test Staticon, China Lake, Calif, Promotion of shock
initiation of detonation by metallic surfaces, by M. A. Cook,
et al,, Trans., Faraday Soc. 56, 1028-38 (1960).

Subject Headings: 1. ""

Naval Ordnance Lab., White Oak, Md. Solid propellant detonability,
by A. B. Amster, et al., ARS Jr, 30, 960-3 {1960),
Subject Headings: 1.

Naval Ordnance lab., White Oak, Md. Symposium on detonation,
3rd, Princeton Univ., September 26-28, 1960, ONR SR ACR-52, 2 vols.,
October 1960,

Subject Headings: 13.

Naval Ordnance Test Station, China Lake, Calif, Calculation of
critical temperature and time-to-explosion for propellants and
explosives, by P. A. Longwell, NOTS TP 2663, NAVWEPS 7646, March
1961, (AD-264 747 ), Unclassified,

Subject Headings: 3, 7, 14.

59



141, Naval Ordnance Test Station, China Lake, Calif, Characterization
of C-509 propellant, by R. A, Miller and J. E. Baldwin, NOTS
TP 2660, NAVWEPS 7643, January 1962. (AD-328 131), Confidential.
Subject Headings: 16, 25,

142, Naval Ordnance Test Station, China Lake, Calif., Combustion insta-
bility in solid propellant rocket motors (Fifth progress report),
by E. W, Price, et al., NOTS 2090, August 28, 1958, Confidential,.
- Subject Headings: 3, 14, 16.

143, Naval Ordnance Test Station, China Lake, Calif. Instrumented
card-gap or SPHF-plate test, by M. A. Cook, et al., NOTS TP 2383,
NAVORD 7022, December 18, 1959, (AD-232 108), Unclassified.

Subject Headings: 11, 12,

144, Naval Ordnance Test Station, China Lake, Calif. Predicting pro-
pellant safe-life, by J. M. Pakulak, Jr., NAVWEPS 7775, NOTS TP 2756,
October 11, 1961, (AD-326 025), Confidential,

Subject Headings: 24.

145. Naval Ordnance Test Station, China Lake, Calif. The prediction of
the critical temperature of propellant grains, by F. H. Conrad and
P. A, Longwell, NOTS TP 2517, NAVWEPS 7096, September 4, 1959.
(AD-245 485), Unclassified,
Subject Headings: 3, 7, 14.

146. Naval Ordnance Test Station, China Lake, Calif. The prediction of
thermal hazards in propellants by a nomographical technique, by
P, L. Stang and C. A, Taylor, NOTS TP 2755, NAVWEPS 7774,
October 9, 1961. (SPIA File No. F2188), Unclassified,
Subject Headings: 3, 7.

147, ©Naval Ordnance Test Station, China Lake, Calif. Review of combustion
instability in solid propellant rockets, by E. W, Price, IN: SPIA,
Bulletin of the 17th Meeting, JANAF-ARPA-NASA Solid Propellant
Group, 1, 165-92 (May 1961). Confidential,

Subject Headings: 6.

148, Naval Ordnance Test Station, China Lake, Calif, Stress-concentration
data for internally perforated star grains, by M, E. Fourney and
R. R. Parmerter, NOTS TP 2728, NAVWEPS 7758, December 1961. (SPIA
File No. F3158)}, Unclassified,
Subject Headings: 14.

149, ©Naval Ordnance Test Station, China Lake, Calif. The thermal de-
composition characteristics of explosives, by C. D, Lind, NAVWEPS
7798, NOTS TP 2792, February 1962,
Subject Headings: 3.

60



SONBISTWPIES

150, Naval Postgraduate School, Monterey, Calif, The effect of
explosive mixtures upon impact sensitivity, by J, E, Sinclair,
TR-16, March 1957,

Subject Headings: 4,

151, Naval Powder Factory, Indian Head, Md. Research and Development
Dept., U. S, Naval Powder Factory, Technical progress, Second
quarter fiscal 1958, December 11, 1957. Confidential,

Subject Headings: 1, 3, 11, 18, 27,

152, Naval Powder Factory, Indian Head, Md. Research and Development
Dept., U. S. Naval Powder Factory, Technical progress, Third
quarter fiscal 1958, March 14, 1958. Confidential.

Subject Headings: 1, 3, 11, 27,

153, Naval Propellant Plant, Indian Head, Md., Surveillance division
report covering the years 1958 and 1959, Rept. AR 58/59, September
1960, (SPIA File No,. S60-1433), Confidential.
Subject Headings: 24, 25,

154, Naval Propellant Plant, Indian Head, Md. Technical progress -
Fourth quarter, Fiscal - 1958, June 30, 1958, Confidential.
Subject Headings: 1, 3, 7, 11, 27,

155. Naval Proving Grounds, Dahlgren, Va, Drop tests of an ammonium
perchlorate propellant charge, by F. D, Altman, NPG 1601, May 23,
1958, (AD-302 027), Confidential,
Subject Headings: 8, 11, 20,

156. Naval Proving Ground, Dahlgren, Va. Hazards produced by the in-
advertent ignition of a Tartar or Terrier solid propellant
auxiliary power supply in a checkout area or magazine, by R. H.
Quillin and A, Moskios, NPG 1661, June 30, 1959, (AD-309 253),
Confidential,

Subject Headings: 7, 13, 25.

157. Naval Proving Ground, Dahlgren, Va. The second Tartar motor water
injection test in a simulated magazine and initial test of a special
warhead sprinkler system, by D. H, George, NPG 1655, April 24, 1959.
(AD-306 677), Confidential.

Subject Headings: 7, 10, 25,

158. Naval Weapons Lab., Dahlgren, Va. Calculation of critical temper-
ature and time-to-explosion for propellants and explosives, by
P. A, Longwell, NAVWEPS 7646, March 1961.
Subject Headings: 1, 3.

159. Naval Weapons Lab., Dahlgren, Va. Evaluation of methods for pre-
venting sympathetic ignition of Talos boosters in the CLG-3 ship's
magazine. (NWL tests nos. 3 and 4), NWL 1788, December 26, 1961,
(AD-327 406L), Confidential,

Subject Headings: 7, 25.

61



160,

161,

162,

163.

164.

165.

166.

167,

Naval Weapons Lab,, Dahlgren, Va, Hazard classification tests of
solid samples of Polaris propellant, by C. J, Cinquegrane, NWL
T-31/61, n.d. Confidential.

Subject Headings: 13, 27,

Naval Weapons Lab,, Dahlgren, Va, Hazard classification tests of
two solid samples of DDP-70 propellant for the Polaris A-2 second
stage motor, by G. J. Cinquegrane and J, A, Sizemore, Tech, Memo,

'T-3/61, February 1961. (SPIA File No. F1254), Confidential.

Subject Headings: 11, 24, 27,

Naval Weapons Lab., Dahlgren, Va. Investigation of electromagnetic
hazards tc Terrier BT-3 and BW-1 missiles on board the USS Dewey
(DLG-14), by C. J. Hinkle, et al., NWL 1701 and 1690, March-April
1960. (SPIA File Nos. F2981 and F3033), Confidential

Subject Headings: 6, 16, 25,

Naval Weapons Lab,, Dahlgren, Va, Investigation of the hazards
created by the accidental ignition of Terrier round propulsion
units and of the effect on adjacently stowed BW~1 and BT-3
rounds in the MK 10 launching system magazine: Tests 1 and 2,
by A. C, Samuels, NWL 1744, March 15, 1961, (AD-322 488L),
Confidential,

Subject Headings: 21, 25,

Naval Weapons Lab,, Dahlgren, Va, Investigation of stowage hazards
in air launched missile magazines: Stowage of Sidewinder 1A or
motor mark 17 Med 1, by R. H. Quillin, NWL 1781, October 30, 1961,
(AD-326 491L), Confidential.

Subject Headings: 21, 25.

Naval Weapons:Lab,, Dahlgren, Va, Investigation of stowage hazards
in air launched missile magazines: Stowage of Sparrow motor X113C7
(1.8 K5 7800), by R. H. Quillin, NWL 1745, March 30, 1961,
(AD-322 630L), Confidential,

Subject Headings: 21, 25,

Naval Weapons Lab., Dahlgren, Va, - The seventh, eighth and ninth
(A2B7, AZ2B8, and A2B9) Tartar motor water injection tests in a

-MK 11 launching system simulated magazine, by D. H. George,
-NWL 1709, July 19, 1960, (AD-318 599), Confidential,

Subject Headings: 7, 25,

Naval Weapons Lab., Dahlgren, Va, The tenth, eleventh and twelfth
(A2B10, A2Bl11l, and A2B12) Tartar motor water injection tests in a
MK 11 launching system simulated magazine, by A, P. Kyle, NWL 1738,
January 26, 1961. (AD-321 516), Confidential,

Subject Headings: none, '

62



168,

169,

170,

171.

172,

173,

174,

175.

176.

Naval Weapons Lab,, Dahlgren, Va, Tartar MK 13 GMLS, exploration
{1st and 2nd tests) of the hazards of accidental motor ignition
in the magazine and evaluation of protective safety systems, by
A. P. Kyle, NWL 1777, September 20, 1961, (AD-325 646),
Confidential,

Subject Headings: 7, 9, 10, 21, 23,

Naval Weapons Lab,, Dahlgren, Va, Tartar MK 13 GMLS, exploration
(3rd test) of the hazards of accidental motor ignition in the
magazine and evaluation of protective safety systems, by A. P. Kyle,
NWL 1778, October 6, 1961. (AD-325 705), Confidential,

Subject Headings: 9, 10, 25.

Naval Weapons Lab,, Dahlgren, Va. Terrier operational safety test
report on the hazards incurred in dropping a Terrier round from
the launcher, by A, €., Samuels, NWL 1698, May 6, 1960, (SPIA
File No., F2815), Confidential.

Subject Headings: 4, 8, 22, 25,

Naval Weapons Lab., Dahlgren, Va., Terrier warhead safety and
hazards for missiles versions 503 (BT-3) and 504 (BT-3A(F)}), by
F, D. Portner, Jr,, NWL 1717, NAVWEPS 7662, August 31, 1960,
(SPIA File No. F2813), Confidential.

Subject Headings: 19, 20, 21, 22, 25,

New York University, N. Y. Thermally induced bond stresses in
case-bonded propellant grains, by E. E. Ungar and B, W, Shaffer,
ARS Jr, 30, 366-8 (April 1960}.

Subject Headings: 19.

Office of Naval Research, Washington, D. C. Third symposium on

detonation, 26-28 September 1960, ONR Symposium Rept, ACR-32,

3 vols. Vels, 1 and 2 Unclassified, Vol 3, Confidential,
Subject Headings: 6, 11,

Ogden Air Materiel Area, Hill Air Force Base, Utah. Characteristics
of GAM 83A missiles exposed to open flame, by D. F. Woods, OOY-TR-
61-40, October 1961. (AD-326 593), Confidential.

Subject Headings: 7, 20, 25,

Ogden Air Materiel Area, Hill Air Force Base, Utah.  Cook-off
characteristics of guided aircraft rocket GAR 3 and 4, by
S. H., Welch, OOY-TR-60-26, November 1960, (AD-320 328),
Confidential,

Subject Heaéings: 7, 25,

Ogden Air Materiel Area, Hill Air Force Base, Utah, Cook-off
characteristics of guided aireraft rocket, GAR 1/2 and 2,75 inch
folding fin rocket, by S. H. Welch, O0Y-TR-60-11, July 1960,
(SPIA File No. 860-964), Confidential.

Subject Headings: 3, 7, 24, 25,

63




CONEMENNNES

177. Ogden Air Materiel Area, Hill Air Force Base, Utah. Explosive
hazard classification test of rocket motor, MD-1 (MB-1 Rocket),
by D. E. Sheley, O0Y-TR-61-7, February 1961. (SPIA File No. F572),
Confidential.
Subject Headings: 1, 3, 7, 11, 17, 29.

178. Ogden Air Materiel Area, Hill Air Force Base, Utah. Explosive
hazard classification of rocket motor, XM60OEI for GAR 11 missile,
by §, H. Welch, O00Y-TR-61-19, May 1961. (SPIA File No. F1433),
Confidential.

Subject Headings: 1, 3, 7, 11, 20, 25,

179, Ogden Air Materiel Area, Hill Air Force Base, Utah., Function-
ability of rocket motor MD-1 with cracked propellant grain, by
T. R. Bruce, DOY-TR-61-16, March 1961. (SPIA File No. F989},
Confidential,
Subject Headings: 19, 24.

180. Ogden Air Materiel Area, Hill Air Force Base, Utah., Hazard classi-
fication of SM-62 missile and rocket motors (X226 A-3), by N. W,
Harbertson and B, D, Eixenberger, Q0Y-TR-3%, January 1959,

(AD-305 967}, Confidential,
Subject Headings: 7, 11, 24.

181. Ogden Air Materiel Area, Hill Air Force Base, Utah, Hazard classi-
fication of solid propellant gas generator SM 65 (Atlas), by
J. W. Holden, OOY-TR-61-23, June 1961, (AD-260 034), Unclassified.
Subject Headings: 7, 11, 20, 29,

182. OQgden Air Materiel Area, Hill Air Force Base, Utah, Hazard classi-
fication test on GAR 3A and 4A missile with M46 rocket motor and
MK3 warhead, by P, P, Jennens, 00Y-TR-60-25, October 1960,
(AD-320 319), Confidential,
Subject Headings: 7, 8, 9, 11, 20, 21, 23,

183. Ogden Air Materiel Area, Hill Air Force Base, Utah, Serviceability
of unopened rocket motors, by S, H., Welch, 00Y-TR-61-5, January
1961, (SPIA File No. F569), Confidential.
Subject Headings: 19, 24,

184, Pan American World Airways, Inc., N. Y, Manual for handling
explosives, ammunition and solid propellants, AFMTC-TR-60-11, n.d,
(SPIA File No. S60-1037), Unclassified.
Subject Headings: 24,

185, Picatinny Arsenal, Dover, N, J. Establishment of improved standards
for classification of explosives and propellants, Report No. 1, A
method for determination of susceptibility of propellants and explosives
to undergo transition from deflagration to detonation, by 5. Wachtell,
et al., DB-TR: 3-61, June 1961, (SPIA File No. F1671), Unclassified.
Subject Headings: 1, 11,

64



186,

187,

188.

189,

190,

191.

192,

193,

194 .,

Picatinny Arsenal, Dover, N, J. Establishment of safety design
criteria for use in engineering of explosive facilities and
operations. Rept. No, 2, Detonation by fragment impact, by
R. M. Rindner, DB-TR: 61-59, May 1959, (SPIA File No. F1954),
Confidential.

Subject Headings: 1, 2, 3, 9, 10, 11, 14, 15, 17,

Picatinny Arsenal ,Dover, N. J. Properties of explosives of
military interest, by W. R, Tomlinson, revised by 0. E. Sheffield,
TR-1740, April 1958,

Subject Headings: 24, 30,

Picatinny Arsenal, Dover, N, J, 8Safe distances and shielding for
prevention of propagation of detonation by fragment impact, by
R, M, Rindner and S. Wachtell, DB-TR: 6-60, December 1960, (SPIA
File No, F571), Confidential,

Subject Headings: 3, 9,

Picatinny Arsenal, Dover, N, J., Standard laboratory procedures
for sensitivity, brisance, and stability of explosives, by
A. J. Clear, FRL-TR-25, January 1960, (SPIA File No, F205),
Unclassified,

Subject Headings: 13.

Reaction Motors Div,, Thiockol Chemical Corp., Danville, N, J,
High performance solid rocket propellants, by M. S, Cohen,
et al., Rept, No, RMD 210-Q6, September - November 1959, (SPIA
File No. 560-193), Confidential,

Subject Headings: 3, 4, 16,

Reaction Motors, Inc., Rockaway, N. J. Boron soclid propellant
investigation and evaluation, by E. Delaney and P, lLensi,
RMD 074-F, (1958?7). Confidential,

Subject Headings: 3, 4, 14, 16.

Research and Engineering Office of the Director of Defense,
Instability of combustion of solid propellants, Final report,
June 1959, (SPIA File No. S60-1245), Confidential,

Subject Headings: 1, 3.

Rocketdyne, Canoga Park, Calif. Report of special explosivity
tests, Special Rept. R-4069, October 14, 1960. (SPIA File No.
860-1645), Confidential.

Subject Headings: 24,

Rocketdyne, Canoga Park, Calif.  Research and development to
determine methods to prevent detonation propagation in high-energy
monopropellant systems, by R, C. Ahlert, et al., Rept. No, F-3205,
November 1961. (AD-328 172), Confidential.

Subject Headings: 1, 16,

65




185, BRocketdyne, Canoga Park, Calif. Research on the hazard classifi-
cation of new liquid rocket propellants, by T. Spring, R-2452-4,
January 31, 1261,

Subject Headings: 13, 21,

196, Rocketdyne, Canoga Park, Calif. Research on hazard classification
of new liquid rocket propellants. Vol, I, Rept., No, R-3217,
vol., 1, October 1961, (AD-272-025), Unclassified.
Subject Headings: 24.

197, Rocketdyne, Canoga Park, Calif. Research on hazard classification
of new liquid rocket propellants, Vol, II. Titan IT model missile
tests, Rept. No, R-3217, vol, 2, October 1961, (AD-272 026), Un-
classified.

Subject Headings: 24, 29,

198, Rocketdyne, Canoga Park, Calif., Run-away phenomena in ultra-high
burning rate propellants, by G. D. Artz and F. B. Cramer, IN:
SPIA, Bulletin of the 17th Meeting, JANAF-ARPA-NASA Solid Pro-
pellant Group 1, 193-202 (May 1961). Confidential,
Subject Headings: 3.

199, Rocket Propulsion Establishment, Great Britain. Some aspects of
the design of star-centre solid propellant rocket charges, by
K. E, Silman, Tech, Note No. 190, August 1960. (SPIA File No.
*F890), Confidential,
Subject Headings; 14,

200, Rohm and Haas Co., Huntsville, Ala. Detonation characteristics
of solid propellants, by W. W, Brandon, Final Rept. $-26, June 20,
1960, (SPIA File No. S60-796), Confidential.
Subject Headings: 1, 3, 7, 11, 14, 15,

201. Rohm and Haas Co., Huntsville, Ala, Importance of flexibility in
gap sensitivity testing, by W. W. Brandon, IN: SPIA, Bulletin
of the 16th Meeting, JANAF Solid Propellant Group 5, 109-23
{June 1960). Confidential. N
Subject Headings: 11,

202, Robhm and Haas Co., Huntsville, Ala., Laboratory explosions

1956-1961, Rept. No. 8-32, November 8, 1961, (AD-326 313),

- Confidential. :
Subject Headings: 24,

203. Rohm and Haas Co,, Huntsville, Ala. The modified wagon wheel
grain design w;> wp> W3, by M, W, Stone, Rept. No. 5-30, May 1961.
Subject Headings: 14,

204. Rohm and Haas Co,, Huntsville, Ala, Quarterly progress rept. on
ARPA projects, July 1 - September 30, 1961, Rept, P-61-21,
October 25, 1961, (AD-326 217), Confidential.

Subject Headings: 12, 14,

66



CONmSaNm—

205. Rohm and Haas Co.,, Huntsville, Ala, Quarterly progress report on
interior ballistics, Series of reports, Confidential.
Subject Headings: 1.

206. Rohm and Haas Co., Huntsville, Ala. The slotted tube grain design,
by M, W. Stone, Rept. S-27, December 23, 1960, (SPIA File No.
FO31), Unclassified.

Subject Headings: 14.

207, Rohm and Haas Co,, Huntsville, Ala. Status report on the ballistic
properties of petrin acrylate propellants, by L, M. Brown, et al,,
Rept. P-37-2, September 1957, Confidential,
Subject Headings: 1, 3,

208. ©Solid Propellant Information Agency, Silver Springs, Md. Bulletin
of the Ninth Meeting JANAF Solid Propellant Rocket Static Test
Panel, SPSTP/9, October 10-11, 1960,

Subject Headings: 13.

209, Solid Preopellant Information Agency, Silver Springs, Md. Bulletin
of the Tenth Meeting JANAF Sclid Propellant Rocket Static Test
Panel, Pub, No. SPSTP/10, September 1961, Confidential.

Subject Headings: 24,

210, Sclid Propellant Information Agency, Silver Springs, Md. Bulletin
of the 17th Meeting JANAF-ARPA-NASA Solid Propellant Group, Denver,
Colorado, May 23rd to 25th, 1961, Vol, I, Symposia on high
energy propellant ingredients, advanced propellant formulations,
safety in processing of advanced propellants, combustion phenomena
evaluation and test procedures, May 1961. (AD-326 145), Confidential,
Subject Heedings: 6, 13, 16,

211. BSolid Propellant Informaticn Agency, Silver Springs, Md. A new
approach to determination of detonability of propellants and
explosives, by S. Wachtell and C. E. McKnight, Bulletin of the
16th Meeting of JANAF Solid Propellant Group 5, 125-45 (June 1960},
Confidential,

Subject Headings: 1, 3, 11.

212. Space Systems Division, Air Force Systems Command, Inglewood,
Calif. Hazard classification tests of GAM-87A first stage XM80
motor and second stage XM81 motor, SSD-TR-62-13, January 1962,
(AD-328 367), Confidential,

Subject Headings: 13,

213, Space Technology Labs., Inc, Analysis of gas dynamics of Minute-
man in-silo accident, by F. E. Arndt and R. A. Rockow, STL 9732,3-145,
October 25, 1961.
Subject Headings: 6, 28.

67



214,

215,

216.

217,

218,

219,

220,

221,

222,

223,

224,

Space Technology lLabs,, Inc. Analysis of OSTF explosion phenomena,
by B. Sussholz, STL GM 6415-13, December 30, 1960,
Subject Headings: 6, 24,

Space Technology Labs., Inc. Analysis of the Tital OSTF incident
of December 3, 1960, 7103-0003-MC-000, March 1, 1961. Confidential
Subject Headings: 24, 29,

Space Technology Labs., Inc. A current survey of the probability
of catastrophic failure in Minuteman siloc operations, by
B. Ostrofsky, STL 9863-601, October 18, 1961,

Subject Headings: 19, 24, 28,

Space Technology Labs.,, Inc., An estimate of the probability of

occurrence of a catastrophe at an operational missile site, by

P. Chaiken and B, Ostrofsky, STL 9863-542, September 22, 1961,
Subject Headings: 6, 24,

Space Technology Labs., Inc. Fragmentation of propellant grain,
by R. A. Rockow, STL Memo 9732.3-108, August 9, 1961,
Subject Headinge: 3.

Space Technology Labg., Inc. The effect of propellant burning

rate on impact range of Minuteman fragments resulting from in-silo

explosion, by 8. J. Morizumi, STL 6120-6678-MCOQ0, January 26, 1962,
Subject Headings: 3, 24, 28,

Space Technology Labs., Inc., Impact range prediction of Minuteman
fragments resulting from in-silo explosion, by 8. J., Morizumi,
STL 9721.4-52, July 17, 1961,

Subject Headings: 24, 28,

Space Technology Labs., Inc. Minuteman fragmentation study, by
R. A. Philleo, STL_61-9716,3-146, September 15, 1961,
Subject Headings: 5, 28,

Space Technology Labs,, Inc. Minuteman fragmentation study, by
R. A, Philleo, STL 61-9716,3-175, October 17, 1961,
Subject Headings: 5, 28,

Space Technology Labg., Inc. Presentation to AFBMD on guantity-
distance criteria for Minuteman operational launch sites, by
B. Sussholz, STL GM 6400.9-6, June 1960,

Subject Headings: 24, 28,

Space Technology Labs., Inc. Statistical analysis of propellant

fragmentation distribution for the case of a Minuteman in-sile

accident, by B, Dubrow, STL 61-9732,1-104, November 15, 15961,
Subject Headings: 6, 28,

68



225, Space Technology Labs,, Inc., Weapon system 133A (Minuteman)
site criteria for hardened and dispersed system, by A, Gaylord,
STL 9734 .3-4012, July 6, 1961,
Subject Headings: 24, 28.

226. BSpace Technology Labs., Inc. Los Angeles, Calif. Explosive
classification of large solid propellant rocket motors, by
A, Gaylord, IN: Proceedings of the American Rocket Society
Solid Propellant Rocket Conference, January 24-26, 1962,
Baylor Univ,, Waco, Texas, Unclassified.
Subject Headings: 13, 24, 28,

227, Stanford Research Institute, Menlo Park, Calif, Detonaticn
sensitivity and failure diameter in homogeneous condensed
materials, by M. W. Evans, J. Chem, Phys. Eﬁ, 193-200 (January 1,
1962).

Subject Headings: 1, 14,

228, Stanford Research Institute, Menloc Park, Calif, Steady detonation
waves in homogeneous condensed materials, by M, W, Evans, SRI
Preprint, June 19, 1961,

Subject Headings: 1, 16.

229, Stanford Research Institute, Menlo Park, Calif. Initiation of
explosives by internal heating, by G. Muller and D. Bernstein,
Rept, 007-60, August 1960,
Subject Headings: 3,

230. Thiokol Chemical Corp. Propellant explosives classification and
the effect on field handling of missiles, by W. F, Haite, Jet
Propulsion 28, 489-91 (1958).

Subject Headings: 13, 24,

231. Thiokol Chemical Corp., Brigham City, Utah. Propulsion system
for weapon system 133A (Minuteman), Explosive classification
tests, TW-543-5-61, May 15, 1961,

Subject Headings: 13, 28,

232, Thiokol Chemical Corp., Brigham City, Utah. Minuteman data book
for Weapon System 133A, by C. W, Shoun, July 7, 1960. (AD-325 566),
Confidential.

Subject Headings: 28,

233, Thiokol Chemical Corp., Brigham City, Utah. Program progress
Weapon System 133A. Vol. I. (Minuteman), by J. Buchanan, Rept.
No. TU-102-7-60, April-June 1960, (SPIA File No. S60-1049),
Confidential. '
Subject Headings: 2, 3, 5, 28,

69



234,

235,

236.

237.

238.

239,

240,

241,

Thiokol Chemical Corp., Brigham City, Utah, Weapon system 133A
(Minuteman). Evaluation of explosive properties of propellant,
by W. B. Fife, Rept. No. TU-228-1-59, December 30, 1958,
(AD-325 203), Confidential,

Subject Headings: 7, 8, 11,

Thiokocl Chemical Corp., Elkton, Md. A research study to advance
the state-of-the-art of solid propellant grain design, by
G. E. Dolan, et al., Rept. E11-62, January 25, 1962, (AD-272 063),
Unclassified,

Subject Headings: 14, 19,

Thiokol Chemical Corp,, Elkton, Md, A research study to advance
the state-of-the-art of solid propellant grain design, by
R. I. Epstein, et al., Series of reports, Unclassified.

Subject Headings: 14,

Thiokcl Chemical Corp., Huntsville, Ala, "Hazard classification of
very large rocket motors, by F, J, Monteleone and W, F, Haite,
Paper 2324-61 presented at the American Rocket Society Solid Pro-
pellant Rocket Conference, January 24-26, 1962, Baylor Univ., Waco,

. Texas.

Subject Headings: 3, 7, 15, 16,

" Thickol Chemical Corp., Redstone Division, Huntsville, Ala,

Detonation characteristics of PBAA propellants, by R, C. McCauley,
Rept. 43-59, January 7, 1960. (SPIA File No. S60-16), Under
Patent Secrecy Order. .

Subject Headings: 1, 3, 9, 11, 16, 17, 24,

Thiokol Chemical Corp, Redstone Div., Huntsville, Ala, Solid
propellant configuration analysis for digital computer solution,
by R. J. Vellacott,.U-A-60-40A(Special Rept.), October 25, 1960,
(SPIA File No. F197), Unclassified.

Subject Headingsg: 14.

Thiokol Chemical Corp., Redstone Div., Huntsville, Ala. Work
in support of the U. S, Air Force, Lockheed Aircraft Corp.
re-entry test vehicle (RTV) program, by L. M. Gray, Rept. No.
32-58, October 1958, Confidential,

-Subject Headings: 3, 4.

Thiokol Chemical Corp., Redstone Division, Huntsville, Ala,

Quarterly progress report (Composite propellant and rocket develop-

ment), Rept. No. 40-57, July - September 1957, Confidential,
Subject Headings: 3, 16.

0



242, Thiokol Chemical Corp., Redstone Division, Huntsville, Ala. Drum
scale hazards classification tests on TP-H7142, by F. J. Monteleone,
Special report 34-61, July 8, 1961, (SPIA File No. F1567),
Confidential,

Subject Headings: 1, 3, 7, 11, 12, 24,

243. Utah University, Salt Lake City. Calibrations of the card-gap
test, by M. A. Cook and L. L. Udy, ARS Jr. 31, 52-57 (Jan. 1961).
Subject Headings: 11.

244. Utah University, Salt Lake City. Aluminized explosives, by M. A,
Cook, et al., J, Phys. Chem. 61, 189 (1957),
Subject Headings: 186,

245, Utah University, Salt Lake City. Compressibilities of solids and
the influence of inert additives on detonation velocity in solid
explosives, by M. A. Cook, Discussions Faraday Soc., No. 22, 1956,

Subject Headings: 16.

246, Utah University, Salt Lake City. Deflagration to detonation
transition, by M. A. Cook, D. H. Pack and W. A. Gey, IN: Seventh
Symposium on Combustion, Butterworth Scientific Pubs., Ltd.,
London, 1958,

Subject Headings: 1.

247, ©Utah University, Salt Lake City. Isothermal decomposition of

explosives, by M. A, Cook and M. T. Abegg, Ind. Eng. Chem. 48,

1090 (June 1956). T
Subject Headings: 6.

248. Utah University, Salt Lake City. Mechanism of detonation, by
M. A. Cook, TR-41, November 15, 1954,
Subject Headings: 8.

249, Utah University, Salt Lake City. Promotion of shock initiation
of detonation by metallic surfaces, by M. A. Cook, et al., Trans,
Faraday Soc. 56, No. 451, 1028-38 (July 1960).

Subject Headings: 1.

250. Utah University, Salt Lake City. Third AFOSR Contractor's Meeting
on Combustion of Solid Propellants, Univ. of Utah, Salt Lake City,
January 30-31, 1961. (SPIA File No. F1440), Unclassified.

Subject Headings: 6.

251. Utah University, Salt Lake City. Transition from deflagration to
detonation in solid propellants, by M. A. Cook, et al., TR-1,
November 29, 1957. -Confidential,

Subject Headings: 1,

71



252,

233.

254,

Vitro Labs., Silver Springs, Md. Study and evaluation of guided
missile and rocket blast effect, by A. E., Page, TN-43-15-A,
December 10, 1953. (AD-127 722), Confidential,

Subject Headings: 2.

White Sands Missile Range, N, Mex. Littlejohn, Simulated
handling test, by F. W. Warner, Tech. Memo 952, February 1962.
(AD-272 021), Unclassified,

Subject Headings: 4, 8, 25,

Wright-Patterson Air Force Base, Ohio., An analysis of fire and

explosion hazards in space flight, by J. M. Ciccotti, WADD TR 60-87,
1960,

Subject Headings: 24.

72



10,

11.

12.

13,

14.

15.

REFERENCES

The Port Chicago, California Ship Explosion of 17 July 1944.
Technical Paper No. 6, Armed Services Explosives Safety Board,
Washington, D. C.

The Effects of Nuclear Weapons 5. Glasstone, Editor. U.5.
Atomic Energy Commission, June 1957

Wasel, R. Asst. Chief for Solid Propulsion Technology, NASA
Private Communication

Price, D. "Dependence of Damage Effects Upon Detonation
Parameters of Organic High Explosives.' Chem. Reviews 59,
801 {1959)

U.S. Army Ordnance Ballistic Research Laboratories. Letter to
Armed Services Explosive Safety Board, dated 28 June 1962;
reference C.N. Kingery /5ri/ 43124

Gross, D, and Amster, A, B. "Thermal Explosions Adiabatic
Self-Heating of Explosives and Propellants.' 8th Symposium on
Combustion 726 (1962)

Margolin, J. Special Projects Office, U.S.N. Bureau of Naval
Weapons. Personal communication

Ullian, L. Range Safety Office, Patrick AFB, Fla. Personal
cormmunication

Price, D. U.S. Naval Ordnance Lab., White Qak, Md. Personal
communication

Military Explosives, Department of the Army Technical Manual
TM 9-1910, April 1955 (with changes 1,2 and 3)

Amster, A.B. and Bryan, G.J. '"The Place of Impact Testing and
Gap Testing in the Screening of Propellants. ' Bull. 2nd Mtg.

JANAF Solid Propellant Surveillance Panel, Nov. 1957, Pasadena,
California (Confidential)

Amster, A.B., Noonan, E.C. and Bryan, G.J. "Solid Propellant
and Detonability. ' ARS Journal 30, 960 (1960)

D. Paulson, Aerojet-General Corp., Downey, California, Personal

communication

Jaffe, I. U.S. Naval Ordnance Lab., White Qak, Md. Personal
communication

Philipchuk, V. U.S. Naval Weapons Lab,, Dahlgren, Va. Personal

communication

73



16, Gaylord, A. Space Technology Labs. Personal communication

17. Recommended ICC and Military Explosive Classifications for
Stage I, Stage II, and Stage III Engines. STL Report 9734.3 -
4007 AFo4 (647) - 619. 19 June 1961

18. Price, D, "Large Scale Gap Test: Interpretation of Results for
Propellants.'' Navwaps Report 7401 15 March 1961, U.S,
Naval Ordnance Lab., White Oak, Md. (Confidantial); also ARS Jr.
31, 595-99 {1961)

19. Amster, A.B., Beauregard, R. L., Harrell, B. W. and Jaffe, I,
"Detonability of Propellants III, Shock Sensitivity of Solid Con-
fined Large Diameter Charges of Polaris Propellants.' NavOrd
Report 6289, U.S. Naval Ordnance Lab., Silver Spring, Md., 16
March 1959 (Confidential)

20, Conway, C.C. Second Stage Minuteman Detonation Sensitivity Test.
Final Report on Weapon System 133 A. Aerojet General Corp.
Rept. No., 0162-01 DR-3., 7 Nov. 60 (Confidential)

21, Henkin, H, and McGill, R. "Rates of Explosive Decomposition
of Explosives.' Ind. and Eng. Chem. 44, 1391 (1952)

22. Wenograd, J. '""The Thermal Sensitivity of Explosives and Propellants'',
NOLTR 61-97 U.S. Naval Ordnance Lab. White Oak, Md. (1 Sept.
1961) -

23, Haite, W,F. and Monteleone, F.J. '"Hazard Classification of Very
Large Rocket Motors.' ARS Solid Propellant Rocket Conference
January 1962, Waco, Texas

24, Conrad, F.H. and Longwell, P. A. ""The Prediction of the Critical
Temperature of Propellant Grains.'"" NAVWEPS Report 7096,
4 Sept. 59 ’

25. Agent T.C. George's Tariff No. 13 - ICC Regulations date 15
Sept. 1960

26. Kasehagen, Lt. Cdr. A,J. U.S.N., Pt. Mugu, California.
Personal communication

27. Boyer, M., ''Study of Detonation Behavior or Solid Propellants"
Quarterly Reports No, 1-16, et seq. {Contract NOrd-17945),
Aeronutronic Corp., Newport Beach, California

28. Irwin, O.R, Andersen, W.H. and Salzmann, P.K, "Susceptibility
of Solid-Composite Propellants to Explosion or Detonation.
Aerojet-General Corp.

29. Shuey, H, M. - Rohm & Haas Co. Redstone Arsenal Division,
Huntsville, Ala. Personal communication

30. Ullian, L., "Safety and Design Considerations for Static Test and
Launch Facilities for Large Space Vehicles.'" Minutes of the 3rd
Explosives Safety Seminar on High-Energy Solid Propellants.

p. 357; meeting held at Riverside, Calif, 8-10 August 1961,

74




31.
32,

33.

34.

35.

36.

37.
38.

Noonan, E,C. Ibid., p. 54

Summary Report: Engine Hazard Evoluation Tests. Hercules
Powder Co., Magna, Utah. Report MT1-271 dated 29 July
1960 (Confidential)

Altman, F.D. '""Drop Tests of Ammonium Perchlorate Propellant
Charge.' Naval Proving Ground Rept. No. 1601, dated 23 May
1958 {Confidential)

Jones, J. W, " Prediction of Catastrophic Rocket Motor Explesion
Conditions from Broad Spectrum Mechanical Property Analysis, "
Proceedings of the 16th meeting of the JANAF Solid Propellant
Group. Vol. V, p. 61 (June 1960)

Macek, Andrej, "Transition from Deflagration to Detonation in
Cast Explosives. J. Chem. Phys. 31, 162 (1959)

Evans, Marjorie W. ''Detonation Sensitivity and Failure Diameter
in Homogeneous Condensed Explosives,' J. Chem. Phys. 36
193(1962)

Amster, A.B., Neff, J., and Aitken, A.,J, Unpublished results

Minutes of the Advisory Committee to the Secretary of the Air
Force on Minuteman Safety Distances. 10-11 September 1962

75



conm ™

Appendix A

The following is Section III of the ASESB-proposed "Explosives
Hazard Classification Procedure, " which is the section dealing
exclusively with classification of rocket motors and propellants. The
reader is cautioned that the document is tentative and, as vyet, has no

official status.
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SWCTICH IIX

Introduetion to Hin"mum Test Criteria for Solld Propellants and Rocket Hotors or
Devices Containing Solid Pronellants '

7. This section establishes uniform criteria for tests from which hazard classi-
fications and hazard characteristics of solid propellants (excluding gun type
propellants) and rocket motors or devices containing solid propellants may be
determined, The wse of these‘ ceriteria will assure the assignment of a uniform
classification to any propellant, rocket motor or deviﬁe by all Services or agehcies.,
8. a. This section defiﬁes and esteblishes specific tests, divided into phases,
vhich nust be performed to provide infermation for de’cerminiﬁg the hazard charaoter-
| latics of solid propellants or rock e'r; notors or devices contaihing sé»lid propollants,
The characterlsiles determined by these tests willl be utilized to decide: '
(l) That solid propellants ara prohibitive or acceptable for transportation
in small quantities (see Table VII),
(2) That larger quantit'ies of pi'opellant and rocket motors or devices are
acceptable for transportation as Class A items (see Table VI1).
(3) That ICC classification can be reduced Class B,
(4) Military classification.
(5) Vthat additional hazard chavacteristics are existent to both rocket
motors or devices and assembled ueapons containing solid propellants,
b. This gection establishes criteriﬁ for performance of tests and evaluation

of test results. These results will provide a baais for deternining allowable
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handling procedures during developnent, testing, and production of solid propsllants,
developnental rocket motors or devices, and operaticnal rocket moters or devices.
Muarther diseunssion of ths vurpose of the individual %ests, eralmation of the resulis
and conclusions ere included in the individual phases.

¢. Tests of new Altens and applications: Fhases I, IL and III tests are wman-
datory (except for e below) and mist be nerformed on solid propellanis and vockeb
motors or devices containing'thesa solid propellants, Teats in Phase IV are io be
conducted at the option of the agency veing the motor or device, and any or all tesis
in Phase IV can be nade mandatofy by that agency.

d, Tests of exlsting operziional itams: Phases 1 and IT {esis are not mandatorys -
Phase ITI {ests are mandatory where trua hazard classification haz not been deter-
rnined or is doubiful, Phase IV tests are optional,

e. Limited quantity'rese;rch lteus not scheduled for standard Service uset

_ sﬁch itons are exempt from the mzndatory requircment for Phase III {esting where,
with ICC concurrencs, the Services wish to aceept the highest appropriate hazard
classification. : ' _ ' -

| 9., The determination of hazard characieristicz is reguired prior to shipment of any
solid propéllant in commerce. (NOTE: A propsllant is not required to undergo hazawd
.classification tests uhless propellant is 1o be stored or shipped,) The test progranm
i3 divided into four vhases as oullined in Table VII., The results of the tests yield
the information from which hazard éharaqteristics are determined, The phases of thcse
criteria are desiéned to coinc;da with the varlous stages offpropellant developnent
Tron sﬁnthgsis to use'in a reckel motor or device. Further, since hazards during
transportation and storage ave, at times, influenced by configuration, tests in
Fhases III and IV will, as far as vossible, consider prograraed or likely storage and
shipping configuratlons and environments. The assignuent of hazard classifications

is made at specified intervals during the test program.
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10. The test cxiterin given in tliis documeont ave considsved to be valid for the
purposcs intenlad) houcver, new tests ave being developed ard medifications of
sone of the tesis given ars boitg consideved. These criteria will be periodically
revisod or supplencnted to inelude any additional inTurmation which may provide
additicral bages Jor dobsraliing the hazands of golid propellants and rocket motors
or devices,

11, Phase I is divided into itwec categories:

a, Caterory A tests will be conducted while the quantliy of propeil;nt ig
within the limits specifizd in Fhase I-A of TableVI; Results of these tests will
permit cetermination of cnnditions under whiech small propellant'samples nay be
shipped cubjeci to Intersiats Commerce Commission regulations,

b, Catezory 3 tests, vhich arc conducted when sufficlent propellant becomes
availahle, are to be pcrfdnned to verwit shiﬁment‘of larger quantities of bulk
propellant (urcenfined - not in nmotor or device case) in zccordance with Interstate
Coimierce Comulssion resulations, |
12, Phases II and IIT will be concducted before the classification cf the enﬂ item
(rocket motor or device) is lowerved from z detonation to fire hazard, Phase IT
tests are perfcnnéd to predict the hazard characteristics of full séale motors or
devices, Phase III tests use full scsle end items to deteraine the validity of
predictions fesulting from Phase IT teats. Until it can be determined by the
responsible agencies that the prediciions Trom Phase II tests are valid for full
seale notors or devices, the resulis of Phase ITT tests will be used fof #ssigning
hazard classifications.

13, Phase IV tests utilize varlous assembled configurations. It is initended to
inter-.relate the effects of individual components-(icea, single stage detonation,

warhead detonation, etc.) to the reaction of the complete confiruration. The
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TABLE VII
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Laboratory Devalopment

Pronellant Development

Hotor Dzvelotment

Complete Misslle

Synthesis & Propellant

Ballistic Modification

Full Scale :iotor

Advonce Produetion

Performanes Sub-Scale Tests oy Device Missile
ITRN O CUARTITT & few pounds of Trom g fewr pounds of Tull seale motor oz 555
VRODTCED propailani nropeliant to full or device Complete Mizsile
seale motor
I-A To determine if & To determine detonability To deteiwmine ICC To determine:
pourd lab sammple can e and rplutive sensltivity and storape clase 2} IGC and storage claus
FURFQOSE shipped by commarcial oz confined propellant in sifieation of full of comnlcote misgile
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o1

T 1
e lo

1-3 To determine if
cuantiiies larger ithan

% peurd lob samples ean
e shipped by commercial.
transportation

gende motors

devices

gvoiem
e) quantity.-distance re-
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a) Anyr special hazards

T-1 (Propeliant Sample)

1. Detoration

2. Ignition

3, Therral stability

&, Impact sensitivity

5. Differential thermal
anslrsis

I-3 {2-inch evbe}

L. Detonation

2, Theraal stability

1. Critical dianater
2. Card gap

3, Exiernzl hoat

L, Bullet impact

1, Drop test
2. Boiermal heat
39 B‘.lllct mpe.ct.
i, Dotenation

i, Detornation tesi of
tyo identieal moters

2, Dotwcnation tocet of
mrliieatage missile

3, Detonatlon west ¢f
riszile with warhead

L, Detenztion tast of
missile with desiruct
sysLa

5, Friovial heat test

IC0 - Lat camples Class A
Ml - Glass 9

e -

i

Jmgs A or B
laszs 9 or 2

.:
[

ICC ~ Clgss A Experimental
rocket motor
¥il - Class 10

ICC ~ Class A or B
¥il - Class M0 o 22

ICC ~ Class &L or B
Mil ~ Cl=58 10 or 2

AR QUANTITY

SHIFZPABLE

I
-l
-

~ 5 pound lab sanples
I.3 - Unlimited bulk pro-

pellant (unsonfined -

not in rocket motor
or device)

Develommental motors less
than full sczle

Full scale motors
or devices

Complete missile systen




results will dictate the hazard elassificationy however, the hazard_classﬁication
for the complete configuration need not be as high as that of ary single component
if the lower hazard classification presents greater hazards, (Such a condition
would exist with a small warhead and a very large fire hazard motor or a fire hazard
motor shipped with a Class A igniter,)

14, Reject motors or devices may bLe used in Phase TIT and IV tests if reasons for
rejection would not materially affect test results, |

- HOTE: During all the test phases. extreme caution shall be observed, Strict

safety procedures shall Le enforced. The sﬁggested procedures for ini-

tiating fires on high explosives nmay be modified if they do not alter

the test results,

Phase I Tests - Mandatory.

15. Introductlon.

The first phase of the hazard classification test is conducted on laboratory
size samples of provellants which are undergoing research. When coﬁducting these
- tests, start with the smallest sample possible to accomplish the particular test.
Tro catepories are available in this phase:

as Category A utilizes test samples in the order of grams., The tests are
designed to compare the sensitivity of the propellant with that of initiating
explosives. if the propellant is less sensitive than initiating explosives, then it
may be shipped in quantities up to & poﬁnd to allow other agencies to condqct lab-
oratory evaluaticn studies subject o sectioh 73.86 of tha‘Interstéte Commerce
Commission regulations,

b. Category B tests are conducted when the propellant becomes available in
larger quantities.. The tests are esseont tially the minimum required to determine .
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whether large quantities of propellant may be shipped in accordance with Interstate
Commerce Commission regulations,

¢. The Interstatie Commerce Commission (Burean of Explosives, AAR) reserves
ths right to require samples of propellanis to be submitted for testing, if re-
quived, andf/or to witness teats. ”

16, THASE I - Category A Tests,

If the detonation and therwal stability tests in Phase I-A are conducted on
2-inch samples of the propellant, ihe Phase I Calegory B tests need not be performed.
a. T_he follgming cquipment is required for these tests:
(1) One (1) Bureau of Explosives impact apparatus, Drawings are available
at the Burecau of Bxplosives, Association of American Raliroads, 63 Vesey Street,
Nenr York 7, New Yorke. |
(2) One (1) ventilated oven capable of maintaining z temperaturs of 75°C
or above for a period of 48 hours. The oven will be equipped to continuously record
the temperature.
(3) One (1) oven capable of temperature rise of 10°C per minute betwveen
25°C and 500°C and equipped to cont.inuously record the temperature.
(ﬁ) Number 8 and Ingineer Special Tlectric Blasiing Cavs (J-2) as required.
(5) One (1) blasting machine,
(6) Keicsene-soaked sawdust sufficieni for four (4) beds, 1 foot square
and & inch thick, |
(7) Tlectric matech-head ig}iteﬁ 2s rzguired,
(8) Solid lead eylinders 14 inch diamster by & iﬁchas high as rejquired.
(9) One (1) piece of mlld steel plais, 4 inch thick by 12 inches square
or its equivalent.
(10) One (1) temperature block for testing 20 mg samples.
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b, The test samples to ba used in Phase LA are to be at least 10 grams in
welghts howsver, thuy shouid not ba larger than the sizes given in the following
list:

(1) sSeventeen (17) propellant samples 2 inches + +-inch eubes.

{(2) Two (2) propellant samples 1 inch + 1/8-inch cubes.

(3) Tweniy (20) 10 mg propellant samples suitable for use in the Bureau
of Ixplosives impact apparatus. |

(4) One (1) 20 mg propellant sample,

(5) One (1) 20 mg sample of alundum 90 mesh,

¢. Detonation Test.

(1) Placa one (1) lead cylinder (2a28) upon the steel plate (2a9). Place
a Number 8 blasting cap (2a’t) perpendicular to and in contact with a flat surface
of a convenient quantity of propellan'_t, but not less tﬁan 10 grams or one of the
2-inch samples (2bl) which is then placed on top of the lead cylinder. lhile
obaerving appropriate safety-regulations, firs the cap. Deformation or rushroording
of the lead cylinder 1111 be considered as evidence of detonation, Conduct this
test a maximunm of five {5) times, or until detonation occurs, whichever is the least
number of tests.

(2) Observers will record data required on Report Form 1 opposite
Detonation Test.

d., Ignition and Unconfined Burning Test.

(1) Place a 1—inch samnle (2b2) on a single bed of kerosene-soaked sawdust
(2a6) and ignite the sawdust with an electric match-head igniter (2a7),

(2) Place a 2-inch sample (2bl) on a single bed of kerosene-soaked sawdust
(2a6) and ignite the sawdust with an electric match-head igniter (2a7); Repeat

this test one (1) tine,
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(3) Place; four (&) 2-inch samples end-to-erdl in a single row in contact
vlth sach other on a single bed of kerosene-soaked sawdust (2a6) and ignite the
savdust with an electric mich-hesd igniter (2a7).

(1) ObsefJer will record resulis on Report Form 1 opposite Ignition and
Unconfined Burning Test.

e, Thormal Stability Test.

(1) Place any eomveniend quantity of propellant, but no less than 10 grams
or one (1) l-inch sample (2b2) in constant temperature oven (2a2). Ralse the ten-
poracure of the aven to 75°C and maintain the tetperaturs at 75°C or above for a
perded of 48 hours, These temperntures shall be continuously recorded. Constant
observation is not required. “

(2) Record results on Report Form 1 opposite Thermal Stability Test.

Po  Iumpacth Sensitivi‘t;;f Test (to be conducted only if detonation occurs in
Test "a").

(1) Conduet twenty (20) individual tests using one (1) sample (2b3) per
test in the Burcan of Feplesives impacf, apparatus (2al).

(2) Perform tests and observe rcéuljts to supply data as required on
Report TForm 1 opposite Iinpact Sensitivity.

(3) Use cleaning equipvent as required to thoroughly clean ard dry the
anvil and cup ascemblies of jthe himpact apparatus prior to _eaéh test. Apparatus
mist be at ambient temperature prlor to cach teat,

gs Differential Thermal Analysis Teat.

(1) Place the 20 mg propellant sample (2bl4) and the .sample of alundum

(2b5) separately in the texperature bleck (2al0) instrumented with thermocouples to

deternmine the individual tiaces of temperature vorsus time of propellant and alundum

simltaneously. The block is placed in the oven (223) at 25°C and the oven
g4
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temperature raised to 500°C at the rate of 29 to 59 per minute. Temperatures of
both samples are resoirded continuéusly during the entire test.

(2) The extent of exothermic or endothernic reéction of the propellant
is determined by comparing propellent and alundum temperature recordings.

17, FHASD I - Category B Tests,

If the detonation and thermal stability tests in Phase I-A weretconducted on
2.inch samples of the propellant, Test 1-B need not Le performed. However, if test
samples for these tests used in Phase I-A ware smaller than 2-inch cubes, Phase I-B
tests will be performed using 2.inch cube samples.

a. Detonation Test,

(1) Place one (1) lead cylinrder (2a8) upon the steel plate (2a9). Place
a Number 8 blasting cap (2al) perpendicular to and in contact with a flat surface
of one of the 2-inch samples (2bl) which is then placeﬁ on top of the lead cylihder.
While observing appropriate safety procedures, fire the cap. Deformation or mush-
roominz of the lead cylinder will be considered as evidence of detonation., Conduct
this test a maximum of five (5) times or uniil detonaticn occurs, whichever is the
least number of tests,

(2) TFor military evaluaztion, if no detonation occurs in 2a(l), repeat
3a(l) but replace the Number 8 blasting caps with Fngineer Special Electric Blasting
Caps (J-2)} (Phase i.A, Ttem 2ak), _

(3} Observer will record data‘reéuired on Report Form 1 opposite Detonation
Test, |

b, Thermal Stability'Test..

(1) Conduct the test in the same manner as described under Phase I-A,
(Test e(l)) except sample size for present test is 2.inch,

(2) bbserver ﬁill record results on Report Form 1 opposite Thermal

Stability Test,
25



temperature raised to 500°C al the rate of 29C to 5°C per minute. Temperatures of
both samples are recorded continucusly during the entire test,
(2) The extent of exothermic or endothermic reaction of the propsllant

is deternined by comparing provellant and alundum temperature recordings.

17, PHASD I - Category B festq;

If the detonation and thermal stability tests in Phase I-A were conducted on
2-inch samples of the propellant, Test 1-D need not be performed. However, if test
samples for these tests used in Phase I-A were smaller than 2-inch cubes, Fhase I.B
tosts will be performed using 2-inch eube gamples.

a. Detonation Test,

(1) Place one (1) lead eylirder (2aB) upon the steel plate (2a9), Place
a Number 8 blasting cap (224) perpendicular to and in contact with a flat surface
of one of the 2-inch samples (2bl) which is then placéd on top of the lead cylinder.
thile observing appropriate safety procedures, fire the cap. Deformation. or mush-
rooming of the leéd cylinder will be considered as evidence of detonation, Conduct
this test a maximm of five (5) times or until detonation occurs, whichever is the
least number of tests,

(é) For military evaluwation, if no detonation occurs in 3a(l), repeat
3a(1) but replace the Number 8 blasting caps with Engineer Special Electric Blasting
Caps (J-2) (Phase I-A, Item 2alt), | ‘

(3) Observer will record data required on Report Form 1 opposite Detonation
Test,

b, Therpal Stability Test. _

(1) Conduct the test in the same manner as described under Phase I-A,
(Test e(1)) except sample size for present test is 2-inch.

(2) Ovserver 1ill record results on Report Form.l opposite Thermal

Stability Test.
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18, Conclusions.
a, The following conelusions may be derived from Phage I Category A test
resulis (small quantity):
(1) ICC Prohibited ixplosives, if any one of the following occurs:

(2) Thermal stability test results in either a detonation, burning
“or marked decomposition.

(b) Propellant samples with a drop sensitivity of less than L inches
will not be shipped until shipping instruections have_been requested and received
from the Interstate Commerce Commisasion.

(2) 10C Pemittéd (1abeled as laboratory sample) (Military mass-detonating)
if any one of the following occurs: ‘ | |

(2) Detonation test produces a detonation.

-(b}' Ignitiop test produces a detongtiona

(¢} Detonation test produces a deionation; and impéét sensitivity
test preduces a detonatioﬁ above & inches of drop height. {12 inches is considered
to be a practical maximum drop height.) | | '

(d) Detonation test produces‘either burning of propellant or no
reaction (other than frogmentation)s ignition tést results in propellant tarning
and thermal stabiliiy test does not result in detomation, burning or ﬁarked decon-
position. | | | |

(3) A% the conclusion of Phase IuCategofy_A, the lowest classification
1o be assigned is ICC Iaboratofy'Sampleé and Military m;ss-detonating. ?rbpellant
shall be labeled as Laboratory Samples and shipped ih accordance with section 73.86
of the ICC regulations.
b. The follewing econelusions may be drawn from Phase I Category B tests

© (2.ineh cvbe):
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18, Conelusions.

8., The folloiring coneclusions moy be derived from Phase I Category A test
results {small quaniity):
(1) ICC Prohibited Explesives, if any one of the following occurs:

{a) Thermal stability test results in either a detonation, burning
or marked decompoaition,

(b) Propellant samples with a drop sensitivity of less than U4 inches
will not be shipped until shipping instructions have been requested and recelved
from the Interstate Commerce Comnission.

(2) ICC Permitted (labeled as laboratory sample) (Military mass-detonating)
if any one of thes followlng occurs:

(a) Detonation test produces a detonation,

(b) Ignition test produces a detonation,

(¢) Detonation teat produces a detonations and impact sensitivity
test produces a detonation above 4 inches of drop height. (12 inches is considered
" t0 be a practical maximum drop height.)

{d) Detonation test produces either burning of propellant or no
reaction (other than fragmentation); ignition test results in propel]anf burning
and thermal stabiliiy test does not result in detonation, burning or marked decome
position,

(3) At the conclusion of Phase I Category A, t:txe lowest classification
to be assigned' is ICC Iaﬁoratory Samples and Military mass-detonating, Propellant
shall be labeled as laboratory Samples and shipped in accordance with section 73.86
of the ICC regulations.
b. The following conclusions may be drawn from Phase I Category B tests

(2-inch eube):
33
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(1) Prohibitive.
(a) Thermal stability test Phase I-A or I-B results in either a
detonmatlon, burming or marked decomposition of propellant,
(b) Propellants with a drop sensitivity of less than 4 inches in
Phase I-A or I-B will not be shipped until shipping instructions have been requested
and received from the Interstate Commerce Gosmnissior;¢
(2) ICC Class A (Propellant) - (Military Class G+),
(a) Detonation test Phase I-A or I-B produces a detonation,
(b) Detonation test Phase T-i or 1-B produces a detonation; and
impact senéi.tivity test Phase I-A or I-B produces a detoraticn above 4 inches of
drop helght. |

(3) IGC Class B (Propellant) . (Military Class 2 Af unconfined
Military Class 9 if confined)

‘ (a) Detonation test Phase I-A or I-B does not result in a detonation
and themmal stabllity test Phase I-A or I.B does not result in detonation, .burning

or marked decompoaition,

* Bulk propellant (unconfined - not in rocket motor or device) may be classified
as ICC Class B (Propellant) or Military Fire Haszard (Class 2) based upon Phase I-A
and I.8 test. The classification of confined propellants shall not be lowered at
this time as all tests in Phase I-A and I.B are unconfined and tests in Phases II |
and IIT must be conducted prior to lowering ICC or Military classifications from
Detonation (Class 9) to Fire Hazard (Class 2). Containers loaded with propellant
samples for test purposes will be considered as ICC Class A and may be shipped upon
ICC approval. Drawings of shipping containers which may be used for the Phase II
teat samples and which have been ICC-approved are available from the ASESB, Room

2075, Bullding T-7, Gravelly Point, Washington 25, D, C,
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Fora e, 1

HAZARD & STABILITY TEST REQUIRED FOR ICC CLASSIFICATION

Test for FCC Clusuification  FPropellant Identity Batch Date
{(Tiroe He.) : :
Spees .
Datonstion Test Detarated Burned " Iagmented
. Yeu ¥ Yes Mo Yas Mo

1A 1B 14 1B 1n 3B Ja 1B 14 1B 1A 1B

No, 8 Blasting Cap Teat I

[ ) s emma s« ad— — ———— ——— o i m—
Test I1 o e e, —— oo — e
Tesv JIT o — e o ——
Test IV — e — e ——
Teast V e e —— e — e -
Engincers Special Test I — — _— — — ——
Blasiing Cap Test IT —_— — — —_ —_— ——e
Test IIT —_ . — — — —
Test IV — —_ — — —_ —_
Test V —_ e — — — —_
Sampleg: Tea (10) Z.inch ocutes Test: One blasiing cap in well of each sample
Ignition & Mconfined Buiming Test Detomates Average Burhing Tire
_ Yes Mo Seconds
One (1} Ll.inech cpbe —
Cae (1) 2-inch cube No. 1 —
One (1) 2.inch cube No. 2 —_—
Four (&) 2-inch cubaes —
Sampless (ne (1) l-ivch & Six (8) 2.inch cubas Test: Tznite & burn unconfined
Tiermal Stability Test Ignition Change in Configuration
. Yea Mo Yes No
One (1) l.inch sube —_— _
One (1) 2-inch zube —

Saiples: Ons (1) l-inch cube & One (1) 2.inch cube Test: 48 hours at 75°C or above,
: ' in vented oven

Irpact Sensitivity Test Durean of Fplosives Ingpact Apparatus
Ten 3=3,00 (+ 1/36 VDrow Jl,.s" Yen 10" (+ 1/16%) Drop Test
Explosion ')cr‘m;osnion Yo Reaction Exolesion Dzeounpesition] No Reaction |
Flare avd Szcke Ho Sxole Flafe a2nd Srolte No Smole
Foise No. | o Noise o, No Molise Yo, Hoise Mo, No iloise No, .| Ho Noise No.
Differential Thersal Fxouliermlie Endotherale "HOTE: 1If exothermic, irclude
Analysis Test | " Yes Mo Yes No plot of n.eu:pe*uum

versig time

——n —————— ¢ — P

ICC Classification Propellant Fuplosives Class & ey ICC Approval
Test Director R o Teat Dept, Head

Burezu of Exp"csi"ms Researentaiive i . )

Hiddmwy Rormogunintt

1
HOTE: Copies of this fo.
as well 2z to il

siration

NOT REPRODUCIBLE |
PPN ENGINe



Phase YL Tests « Handatory

19. Introduction,

&. This phase of tesiiing is dntended to determine the sensitivity of solid
propellants, These teste are to be conducted on motors smalier than ful; size and
on propellants in speeific test apparatus. The criﬁieal dismeter teéts will.deter-
rine the detonation suzceptitility of the prop;llant at dimensions less thén or
equal to eight (B) inches, with a specifiedrbooster.' An estimation of contributipn
of the propellani to blast pressures is desirable and may also be cbtained from the
8-inch critical diameter test, Tha card gap test at zero cards will be used for
the 2.inch eriiicsl diameter testss if detonatlon cccurs, then the card gap test will
be continusd to deterwiine sensitivity. The card gap iest will provide 1nibrmation
on tha relative sensitivity of various'propellants. The external heat test will
provide information on thé bahavior of a moﬁor or device vwhen subjecied to an
accident involving this hazard., The bullet impact test is designed to fuimish in-
formation regarding hagards from fragments and rifle fire,

b, Standard pentolite donor charges are manufaciured for all Services by the
Depayiment of the Navy, Information régarding these charges is available fraom the
Cnief, Bureau of Haval Veapons, Deparimsnt of the Navy, Washington 25, D, Ce,
Attentions F-12,

G Thé‘results of these tests are to be given in a narrative report including
vhotographs of set-up and results, chayts or diagrams, and recommendations. Such
reports are to be furnished to the Service responsible for test adminisbration, as

well as to the distribution list given in paragraph e,

20, The folliscuing equirment itews are required:
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a. Gold-rolled seamless wuhing.
(L) 'One (L) 16-inch lenzih of Z..inch ¥D pipa 3/8-inch uall thickness.
(2) One (1) 32-inch lengil of 8-inch IO pipe 3/-inch wall thickness.
(3} Mild steel tubing 1.’4;3’?-inch ID and 1.87-inch OD as required.
(4) Two (2) 5-inch "work horss? test wotors.
b, HMild steel witness plates,
{1) One (1) piece 8 x 8 x % inch,
(2) One (1) plece 12 x 12 x L inch,
(3) Picces of 6 x 6 x 3/8 inch as required for card gap test.
¢. Cellulose geetate cards 0,010 inch thick and diemeter equal to sample as
required for carci gap tests.
d. Engineers Spseial Electric Blasting Caps (J-2).
e, The samples of propellant and booster for the critical diameter tests and
card gap test are described in paragraphs 3 and & below.
f. The donor charge for the critical diameter lest is to be of cast 50/ 50
pentolite with the diameter, length and shaps as given in paragraphs 3a aﬁd ba belmﬁ
21, Cri'tical Diasieter Testis, | |

&« The 4-inch propellant grain will be tested first. The tests are concluded
if the 4-inch diameter charge sustains a detonation. The propellant sa@le ag well

as the pentolite booster to be temperature conditioned to approximately 25°C.

Test Scale**  Propellant Grain Size  Booster Size Wiiness Plate
4 Ainch - & inch dlameter L inch diameier 8w x 84 x 34
16 inch length ~ cong
12 inch length
8 inch 8 inch dianeter 8 inch dlameter 12¢ x 12" x 1M

32 inch length cone
~ 24 inch length

%% Critical diambter test may be concluded at 8% or diameter of end item, whichever

is the leszer.
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The Pl"opef'-l-?.r".t grain is cast o inserted into the pipe without a liner and ends
trismad flush,

b, The components of the tests arve placed in a fixture in the following order:
the pipe contaibing the propellzant is fixed in a vertical position and the witness
plate placed on botton of the tube, separated by 1/16.-inch air gap. {HOTE: The
witness plate siiculd not rest en grovnd surface.) The pentolite boos:'ces: is placed
at the top of the tube in contact with the p:?ope]lan{:o

c. The booster is irdiiated by é.n Inginesrs Specinl Electric Blasting Cap (3-2)0
Defona'tion 15 indicated when a clean hole is cut in tho witness plate.

d. On the 8-inch sample test, instrumentation fmy be placed in two radial
arrays to regcord air blast overpressure, located as determined by cz;libra,‘hion tests,
In the event detonation does not occhr, contributicn to alxs blast by the pfopellant
can be detemiined from he instrumentaiicon. Results are to be reported in teras of
psi o*ferpzjessura versus distance and in THT equivalents.

22. Gargd Cap Test,

a. Thé get.up for the card gap test is shoun in Figures L1 and 2. The propellant
sample is cast or placed inside of a col&-—rclled gteel tube hawving a 1.437-inch ID
and 1.875-inch OD by 5, S.inches leng. Ihe booster will be a'SO/ 50 pen'i;olite c:flinder
having a dismeter of 2 inches and a length of 2 inches, conposed of two (2) 2-irch |
dlamoter by l-inch long vpellets. (See Appendix A.) The attenuation cards used are
0.0l-inch cellulose sheet or equivalent lueite. A mild stesl witness plate 6 ::'anhés
square by 3/8-inch thick 15 used to record test vesulis and is pleced on top of the |
propeligmi: sample but separated by 1/1A-3nch air gap. These tests are to be con-
ducted with the propellant sample and booster temperature of approximately 25°C,
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b. The test will be conducted using geio cards for first test. If a detonation
occurs, the next test will be conducted at 8 eards§ if detonation occurs, the next
test will be conducted at 16 cards, eic. IT a detonation is not obtained, drop
nuiber of cards to half the value to the ncarest detonation, Ixample: detonatien
at 32 cavds, no det;mation at 64 cards, The noxt test shovld be conducted at 48
cards, If detomation ocours at 48 cards, the next test will be conducted at 56 cards,
etc. until 507 point is obtained, If it is lmoun that sintlar materials have a
504 value of a given number, foz: example, 75 caids, there is no necessity of starting
at zero caids, |

¢. The criterion of "detonation" used is the punching of a clean hole in the
witness plate, The measure of charge‘sensitivity is the length of attenuation
(gap length) at which there i3 509 probabj_'l.i"cy of detonation acecording to the above
eriterion. . The charge sensitiviiy is usually expressed in terms of number of 0.01-
inch cards necessary for the 504 value between detoﬁation_and no detonation.
Normnally, a maxirmum of 12 tests will be required to determine the 563‘5 value. (See
references 1 through 7.)

23, External Heat Tests,

a, Equipment,
(1) Sufficient lunber or diesel fuel to sustain burning for a minimun of
30 minmutes. In determining quantity of Iumber or fuel, 1t misi be considered that
burning area should be sufficient to heat entire underside of test motor. If lumber
is selected for %test, it should be soaked sufficiently with fuel oil to agsure
thorough ignition and rapid burning of lumber,
{2) Tuo (2) 2.cunce bags of Class 2 smokeless powdor,

(3) Two (2) elecirvic squibs.
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(&) Colew wotion picture cameras of 16 or 24 frames pexr second to record
entire duration of test.

(5) Instrumeniation, of ény reliable 4ype, to record pzak blast pressures
at various distances from the test (minimum of six positions).

(6) Instwmentation of reliable type such as paint tape or recording
equipment to record peal temperatures at various distances from rocket notor
{(minimm of six positions). _

(7) Iquipment, as available, for restraining rocket motor during test.

b Test Item,
(1) On; (1) %-inch diameter simulated motor ("work horse"),
c. Test Procedure,

Adeovately restrain the test rocket motor in a horizontal position.
Instrument rocket motor for recoiding chamber pressure versus time. Position in-
strumentation for recording air blasi overpressures and temperatures in two radial
arrays located as determined by calibration tests, and at a heighi compatible with
test set-un, Locate movie cameras at angles to view aft end and opposite sides of
motor. Place fusl oil or lumber of required quantity beneath rocket motor in a
fashion to heat complete underside of motor. Insert squibs into hags of smokeless
porder and locate bapgs o as to ignite the fuel oil or lumber on opposiie sides of
the motor. Stari camera and instrumentation at time of initiation of squibs, Should
detonation, explosion, or pressure fallure result, a fragment dispersion pattern
shall be made. This pattern should ineclude, but not necessarily be limited to,
fragnent material, size, and distance projected.

24. Bullet Impact Test.

4, Eguipment,

(1) One (1) round of .30 czliber or 20ma AP service velocity amrunition,
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() Instruocentation as available to vecord alrv blast overpressuro aud

tatoarature, locatad as deterainad by eniilwiidin
(3) Tuo (2) cameras of 16 or & franes ror socond and two (2) high-speod
eere1as to recoid 1n color motien piclures tha cntire test from two (2) positions.
b, Test Itom. |
(1) Cae (3) 5-&.:;&21 diemoter sirmlated molor {™ork hoxza"),
¢, Tosl Procedura. | |
‘A&aq:',:.tcl;’ rcstfain tha tefs’:; rocket motor in a horizontal position. The
gun uzed is to te leestsd at a fiving \.c'.is'hance- of approximately 100 feot and noymal
to the sidz of the rocel wmotor aind é.uit;.bly prdtectcd in cvent of a detonation.
Instrumentation fox r‘ecldrdé.ng psaic blast prossure shall bs located in tio radial
arrays 1oca‘céd 23 datermined by calibration teals, and ahoveg:vognd at. a helght
coimatible wi{i the test sa*.:-upl. Coibx: -n:oi'.ioh. pidtﬁ::es shall be talten of the
conplete test at 16 or 28 frames per second plus high speeds Flve either the 20mm
or .50 calit;er AP projectila.'iil{;o the rockey rotor. -If Ia detcmtioﬁ, deflagration
or pressure upture occurs, the slze and depﬂfx of ci‘a;ter shall be measured, Roecord
peak hlast pressuve 1~ead§ngs, and a i'mgmentaticn map shall b proepared indicating
distance, direction and 1-.feigh£ §f both stesl and propellant fragments, as well as-
locaidong there propeliant fragments burned,

25, Ceonclusions, -

Classifieation b::._sed- on Phane TX tes‘c.s-.
a. Hilitery mass-dotonating.
(1) Critienl diamster tcét haz regulied in g detonation and card gap itest
has detewmined a dotcnation sensiiivity velue cf 70 or move cands,
(2) Externel heat test hos resulted in a detonaticn.

(3) Pullet impact test has resulied in a detonation,
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(4) Phase T testiinrg has caiogorized the propellant as ICC Class A

(i5.2itary Class 9) repardless of resulis of Phase II testing,
b. HMilitary fire hazard.

(1) Critical diameter test has resulted in no detonation.

(2) Gritical dizmeter test has resulted in a detonation and card gap test
has deterrined a dstonation sensitivity value of less than 70 ecards.

(3) IExternal hzat test has not resulted in a detonation.

(4} Bullet impact test has not resulied in a detonation, _

(5) Phase I tests have not categorized the propellant as either prohibited
or ICC Clags A (Military Class 9).

Phase JIT Tests ~ landatory

26, Introduction,

This phase is intended to detsrmine actual hazard characteristics of full scale
rocket motors*** or devices selected for end item, ihe assoc;ated hazard classifi-
cation, and the required quantity-distance that is requived for safety., This phase
will demonstrate the actual hazards associated with a rocket motor or device when
exposed tq detonation, fragment penetration, fire and drop. Further, only upon the
conpletion of this phase of testing, and when the results indlcate essentially only
a fire hazard, can the Interstate Commerce Commission classification be changed
from A to B and Military classification be changed from 10 to 2. An anzlysis of the
resulis of the tests which indicate that é motor should be Clasa B (25 will deter-
mine the quantity-distance required based on fragment and propellant dispersion aé
well as radiant heat produced, -Reject motors may be used for these tests if reasons
for rejections will not materlally affect test results. It is recomuended that a
poat test infra~red still pleture be maﬂa of the test area. The altitude from which
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this piclure is taken should be suiTicient {o include the farthest distance

fraguents are thrown. It has been found that an infra-red picture will be of con-

siderablo value in preparing a frogmeni map as all hot fragments, as well as loca-

tions where propellant ifragments burned, will readily show up on such a piciure,

It 1s the intent of these tests to obtain the actuai hazards of the items being

tested; thorefore, small items for which there 1s sufficient safely area should not

- be restrained. Test reports should irdicate if restraint was used. The results of

these Lests are to be given in a naxrative report including photographs of set-up and

resulls, charts or dlagrams and recormendations. Such reports are to be furnished

to the Sexvice responsible for test administration as well as to the distribution

1list given in paragraph 4e,

#¢+ For segrented grain motors, one head segnent, one center segment, and cne aft
aft segnent shall be considersd as a full size motor. If desired, grains of full
diaizeter and a L/D or 3 to 1 with foiward and aft closures may be vsed for these
tests,

27. Test equipment required for each test As listed below for each test.

28. The numbar and type of sanples required for sach test are specified below for

sach test.

29, External Heat Test..

zo Equipment,
(%) Sufficient lumber or Qiesel fusl to sustain burning for a winimm of
30 winutes. In deleralning quantity of lumber or fuel, it must be considered that
burning area should bBe sufilcient to heat eniire underside of test wotor. If lumber
is sclected for test, it should be soaked sufficiently with fuel oil to aysure
thorough ignitdon and rapid burning of the lumber,
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(2 Two (2) 2.sunee bags of Class 2 snokeless powdera

(3) Two (2) elevtiie souibs.

(L) Celor motion picture cameras of 16 of 24 fiames per second to record
entire duration of test,

(5} Instrumentation, of any reliable type, to record blast peak pressures
at varlous distances from test (minimunm of six positions),

(6) Instrumentation such as paint fape or reconrding equipnent to recond
peak temperatures at various distances froa recket uotor (minimm of six positions).

(7) Instrunentation, of reliable type, for recording chamber pressure
versus tire during duration of test.

(8) Equiprent, as avallable, for restrailning rocket motor during test.

b, Test Item, |
(1) One (1) fvll.scale rocket motor or device, as shipped and/or stored.
c. Test Procedure.

Adejuately restrein the test rocket motor or device in a horizontal position.
Instrument rocket motor or device for recording chawber pré versus time, Pesition
instrumentation for recording air blast overpressures and temperature in two radial
arrays locﬁted as deterviined by calibration tests and aboveground level at a helght
compatible with test set-up. Locate movie cameras at angles to view 2ft end and
opposite sides of motor or device. Place fuel oil or luucer of reguired quanilty
bencath the item in a rmanner to hizat cowplete underside, Ingsert squibs into bags of
sitokelegs pauder and locate bags so 2s to ignite frel oil or lumber, Start canera
and instrumentation just pilor to initiation of squiby, Should detonation, exdlo-
sio.n, or pressure fallure resuli, a fregment disnervion pattern shall be made. This
pattern shall include, but not necessarily be liniied to fragment material, sl2e and

dilstance projected,
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30, Bullet I!qpact Test.

a. Equipment,
(1) One (1) round of ,50 caliber or 20mm AP armmunition,
(2) Instrumentation of any reliable type to measure peak blast pressure
and temperature along two radial arrays.
(3) * Two (2) cameras of 16 or 24 frames per second and two (2) high-speed
cameras te record in color moticn pictures the entire test from two positions,
b. Samples.
(1) oOne (1) full scale rocket motor or device as shipped and/or stored.
¢. Test Procedure.
The ﬁxllat inpact test shall be conducted on one (1) full scale itenm,
The 1tem shall be restrained from movement in a horizontal position and placed in a
suitable location sufficient for safety precaﬁtions in case a detonatlon otcurs,
The gun used is to be located at a firlng distance of approximately 100 feet from
and ﬁomal to the side of the item and sultably protected in event of a ﬁetonation.
Instrumentation for recording peak blast ﬁressure shall be located in two mdial
arrays at distances determined by calibration tests, and at a height compatible
with the test set-up. Chamber pressure shall be neasured. Color motion pictures
shall be taken of the complete test at 16 or 24 frames per second plus high speed,
Ample protection of the cameras shall be taken to prevent damage in case of a det-
onation. Fire either a 20mm or .50 caliber AP projectile into the rocket motor. If
a detonation, deflagration, or pressure rupture occurs, the size and depth of crater
shall be measured. Record peak blast pressure readings, and a fragmentation mp
shall be prepared indicating distance, direction, and weight of both steel and pro-
pellant fragments, as well as lccations where propellant fragments burned.
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31, Detonation Test,

2. F.quipment.‘
(1) Motion plcture cameras at 16 or 24 frames per second and high speed.
(2) Instrumentation, of any reliable type, to measure peak blast pressure
and temperature along two radial arrays.
(3) Instrumentation to measure chamber pressure and thrust.
(4) Test stand or other equipment to restrain item during test.
(5) One (1) 50/50 pentolite booster 2-inch dlamster by 2-inch length,
and one (1) Englneers Special Flectric Blasting Cap (J-2).
b, Test Item.
(1) One (1) full scale rocket motor or device, as shipped and/or stored.
(Additional test sbould be conducted if motors or devices are available,)
¢ Test Procedure. |
The item will be adequately restrained. Instrumentation for measurement
of chamber pressure will be installed. Pezk alr blast and temperatﬁre Instrunenta-
tlon will be installed in two radial arrays at distances determined by calibration
tests and at a helght compatible with the test set.up. Motlon picture coverage will
be installed to give coverage from two ai.des‘of motor or device, Insert the blast-
ing cap into the pentolite booster. The booster assembly will then be placed inside
of the motor or device and with the booster in intimate contact with the propellant.
Adequate safety precautions will be taken to protect pai-sonnsl and equipment should
a detonatlon occwr. Instrumentation and cameras should be started prior to initla-
tion of the blasting cap. Should detonation, deﬂagratiﬁn or pressure rupiure occur,
readings from the instrumentation shall be recorded, depth of crater measured, and
a fragment map prepared showlng material, size and distance projected.
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32. Drop Testi.
a. Equipment,

(1) Drop tower.

(2) One (1) motion piciure camera capable of speed of 16 or 24 frames per
second.

{3) Instrumeniation of any reliable type for measuring peak blast pressures
and tem;)eratﬁre along two radial srrays.

(4) Concrete or steel pad.

b, Test Itenm,

(1) One (1) full scale rocket motor or device, less nozzles, without
transportation or storage centainer. It is preferable to remove the nozzle of the
test iten or install a destruct cdevice (see reference 8).

¢. Test Procedure.

_Elevate motor or device to a height which is the greater of the following:
the maximum height to which a rocket motor might be hoisted during its normal
transportation, handling or tactical enviromment., The maximum helght necessary to
satisfy thls test requirement is 40 fect regardless of the above. Place instrumenta-
tion 10 record peak blast pressures at distances determined by calibration tests,
and at a height corpatible with test sei-up, After the motor has been elevated to
the proper height, it gshould be oriented in a horizontal attitude and then dropped
onto the steel or corcrete pad. Test rotar or device cgns:u.'hioned to anblent temp-
erature. Start motion plcture cameras at time of release to record entire sequence
of events, If detonation, deflagration or pressura rupture occurs, fragnent map
shall ba prepared indicating distsonce, direction ard weight of both steel and propel-
Jant fragrents, as well as locations where propellant fragments burned. Record peak
blast pressure readings.
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Classziflecation for Phase III,
a. Interstate Commerce Commission Class A andfor Military Class 10,

(1) One or more of tesis already conducted in Phases I-ﬂ, I.B, has resulted
in 2 delonation, independent of resulis in this phase,

(2) No detonations bave occurred in any of the previous tests, but a
detonation has occurred during this phase.

(3) HNo detonations h;we cccurred during any testing (previous phases or
this phase); however, it has been determined that the hazard characteristics of ths
rocket motor or deviqe render 1t as equivalent to an Interstate Commerce Comaission
Class A or Military Class 10 rocket motor or device.

b. Interstate Comwerce Ccamlssion Class B and/or Military Class 2,

(1) Results of either Phase T or Il tests piace the test item in the
category of Military mass-detonating argd resulis of Phase III tests indicate Military
fire hazard., Prior to the assignment of the Military fife hozard c¢lagsification, the
FPhase III test most closely associatéd 10 that test of Phase I or II which was
responsible for the assignment of the mass-detonating classification will be repeated
a mindimum bf four (h) times and the results of these additional tests must confirm
the fire hazard classification.

(2) No detonations have occurred in Phases I or ITI, or in the bullet impact
or externzl heat tests of Phase II, and it has been determined that the hazard
characteristics of the rocket motor or device are not equivalent to Interstate

Cormrerce Commission Class A and/or Military Class 10,
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Phese IV Tests {See paragraph B¢)

3. Introduction,

a. This phase is intended to determine actual bazard charactsristics of full
scale mlssiles or subassemblies thereof, upon which quantity-distanée requirenents
can be based, Thls phaso will demonstrate the actual hazerds associated with a
missile gystem under the following conditions:

(1) Detonmation effects of one motor upon a like motor.

(2) DNetonation effects of one Stage of a missile on the remaining stages
of the same missile,

(3) Eiffects of warhead detonation on the propulsion stages.

{4) Effects of destruct systes on rotors,

(5) FEffects of external heat on mitsile,
Upon completion of thisAphasu of testing, sufficient informatlon should be avallable
for the determination of the explosive hazards of the missile as well as quantity-
distance roquirements for siting launch facilities, It 1s recomnended that a post
test infra-red still picture ba mode of the test area. The altitude from which this
plcture 1s taken shouvld be sufficient to include the farthest distance fragments are
thrown. It has beon found that an infra-red picture will be of conslderable value
in preparing a fragrent map, as all hot fragments as well as locations whzre propel-
lant frageanis burned will readily show up on such a picture.

b. Test voulpiwent required for each test is given under that test,

¢. The number and iype of samples for each test is specified in each taest;
however, reject notors ﬁay be used for this phase if the reasons for such rejections

5111 not materially affect the test results.
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¢, The results of these tesis are to be given in a narrative report including
photographs of test set-up and results, charts or diagrams, and recommendations.
Such reports are to be furniched to the Service responsible for test adrinistration,
as well as to the distribution list given in ﬁaragraph ke,

35. Detonation Test (two identical €lass 10 motors).

a. IEquipment.

(1) 'Hbtion plcture vameras at 16 or 24 frames per second and high speeﬁ.

{2) Instrumentation, as avallable, to measure peak air blast overpressure
and temperature glong two radial arrays.

(3) Instrumeniation to measure chamber pressure.

(4) Test stand or other equipzent to restrain item,

(5) One (1) 50/50 pentolite booster 2-inch diameter by 2-inch length and
ona (1) Englinecrs Special Flectric Blasting Cap (J-2).

b, Test Item,

(1) Two (2) full seale rocket motors with or without packaging au indicated

by the condition expecied.
c. Test procedure.

The motors will be zdequately restrained with separation distance between
the motors equal to that indicated by the conditicns being reproduced., Insirumenta-
tion for measurement of charber pressure will be installed in ezch motor. Peak 2ir
blast pressure and teuperature instrumentation will be installed in iwo radial arrays
at distances determined Ly calibration test, and at a height compatible with the test
set-up. Motlon picture corerage will te installed to give coverage from two wides of
test sel-vp., Insert the.blasting cap into the pentolite booster. The booster
assembly will then bo placed inside of the one motor, wiih the boester in intimate

contact with the propellant. Adegquaie satety precautions will be taken to protect
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personnel and euuipzent shouwld a detonation ocewr., Instruuentetion and cameras
should be gtariel just prior to inttiation of the blasting cap., Sheuld detonation
occur, readings fiom the instiumeniation shall be recorded and 2 fraguent map pre-
pared showing wmaterial, size and distances projected. Detalled information should
be glven on the damzpe susialned by the unprimed motor and its behaviqr.

6. Detonation Test of Multi.Stage System, Without Warhead, in Vhich it Has Been

Determined that at Least One Stage is Class 10,

a. Equiprent.

(1) Motion picture can;eras at 16 or 24 frames per second and high speed.

(2} Irstrumentation, as available, to Keasure peak alr blast overpressure
and temperature along two radlal arrays.

(3) Instrumentation to reasure chexber pressure,

(4) Test stand or other equipment to restrain item,

(5) Ona (1) 50/50 pentolite booster 2-inch diamster by 2-inch length and
one (1) Enginzecrs Spechal Eleciric Blasting Cap (J-2),

b, Test Iten,
(1) One (1) system of motor stages,
Co Tést Procedure,

Hotors will be adequately restrained in the expacted sioraga or assenbled
configuration, Instramentation for reasurement of chamber pressure will be in.
stalled in each rotor. Pezk alr blast pressuve and tsuperature ingtrumentation will
be installed in two radial arrays at distances deitermined by cailibration test, and
at a heilght compatible with the test'set-up. Moiion picture coveragzo will be in.
stalled to give coverage from two sides of motors. Insert tiae blasiing cap into the
pentolite bocsior. The booster zugembly will than be placed Anside of the motor
which is Clags 10 and with the bcoster in intimate centact with the propellant.
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Adequate safety precautions @31l be taken to protect personnel and equipment, should
a detonation occur, Instrumentation ard camera shall be started just prior to ini.
tlation of the blasting cap. Should detonation occur, readings from the instrumen-
tation shall be recorded and a ifragment map prepared showing material, size and
distance projected,

37. Delonation Test of Single or Mulii-Stage Migsiles Complete With Warhead.

2, Fgquipmant,

(1) Motlon picture cameras at 16 or 24 frames per second and high speed,

'{2) Instrumentation, as available, to measure peak air blasi overpressure
and temperature along two radial arrays.

(3) Instrumentation to measure chamber pressure and thrust,

{(4) Test stand or other equipment to revirain item.

(5) One (1) 50/50 peniolite bouster 2-inch diameter by 2-inch length and
one (1) Engineers Special Electric Blasting Cap {(J-2). |

b, Test Itenm,
(1) One (1) missile motor system with warhead or warhead HE equivalent,
C. Tgst Procedura,

Missile will be\adequately restrained 1n the expected storage, transportation
or tactical configuration, Instrumentation for measurement of chamber pressure will
be installed in cach motor., Peak air blast pressure and temperature instrumentation
will be installed in two radial arrays at &istances determined by callbration test,
and at a height cm:patiblelwith the test seit-up., Motion picture coverage will be
installed to give coverage from tuo sides of missile. Warhead will be primed using
an electric blasting cap., Adequate safety precautions will be taken to protect

personnel and equipment should a detonation occur, Instrumentation and cameras shall
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ba stariod jJusi wedor Lo Lo ionnny of the inltistor.  Ziould detonation occur,
readings from the instruscutation shall be recorded and a fraguent map prepared
showing material, size and distance projected., Detailed information shall be given
on the damage suwstained by the unprimed motor and its behavior.

38. If more than one missile will be on a single-launcher at the same timg or stored
togother, test 37 above shouwld be repeated using a simelated set-up wherein the
missiles are positioned with respect to each other as would norﬁally ocecur on the
launcher or in storage.

39. Destruct Systen,

2. [guipment,

(1} Destruct system installed on rocket motor,

(2) Test stand or other sjuipment to restrain items

(3) Instrumentation to neasure chamber pressure,

(4) Instrumentaiion, of any relisble type, %o ﬁeasure peak blast pressure
and temperature along iwo radial arrays.

(5) 16 or 24 frames per second color motion pictures to record entire
duratien of tesi.

b. Test Ttam,

(i) One.(l) full seale reckst notor,

¢, Test Procedure,

The destruct systent will be installed on the motor: The motor will be
adequately resirained; and chamber pressure will be ﬁeaéured. Alr blast overpressure
vill be measvred in two radial arrays at distances determined by calibration test,
and at a height compatible with the test set.up. HMoiion pleture coveraps will be
instzlled to view the n@tor from opposiie sides, Tre instrunzntation and cameras
shzll be starited just wrior to Dzsirict initiatien, and shall record the entire
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test sequence, The destruct system will be functionsd., If detonation, deflagration
Gr pressure rupiurce oceurs, a fragmentation map shall be prepared indicating distance,

dircetlon and weight of bolh steel and propellant fraguents, as well as locations -

vhere propellant burned. Record peak blast pressure and temperature readings.

40, External Heat Tert of Multi-Stage Systems, Without YWarhead,
a. Equipment. |
(1) Sufficient luuber or diesel fuel to sustain burning for a minimum of
30 mimutes, In determining quantity of lumber or fuel, it must be considered that
burning area should be sufficient to heat entire underside of tesi motor. If lumber
ia selected for test, it should be soaked surficiently with fuel so that an adequate
portlon of lumber can be easily ignited and burning sustained,
(2) Two (2) 2-ocunce bags of Class 2 smokeless pouder.
(3) Two (2) electric squibs,
(4) Color motion picture coneras of 16 or 24 frames per second to record
entire duration of test,
(5) Instrumentation, of any relliable type, to record blast peak pressures
along two radial arrays.
(6) Instrumentation, of any reliable type such as palnt {ape or recording
equipment to record peak temperatures at various distances frea rocket motor,
(?) Instrumentation, of any reliable type, for recording chamber pressure
versus time for the duration of test. |
(8) Equipment, as available, for restraining item during test,
b, Test Item,
(1) One (1) complete multi-stage miesile without warhead.
c, Test Procedure,
Adequately restrain the test missilo in a horizontal attitude and place

lumber or fuel of the reguired quantity bereath the motor. Instrument rcoclket motors
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CAMNSRENSIin

for recording chanboe pressures versus time., Position instrumentation for record-
ine adr blast overpressure and temperature in two radiai arrays at distances deter-
mined by calibration teat. end at a heigh£ compatible with the test set-up., lLocate
caneras at angles to view ait end and opposite sides of wotors. Place fuel or
lumbor of required quantity beneath rocket moiors in a fashion to heat coumplete
underside of motors. Insert squibs into bags of propellant and locate bags so as
to injtlate buming of fuel or lumber, Start camera and instrumentation at time of
initiztion of squibs. It a detonation, explesion, or pressure rupture occurs,
record peak blast pressure readings amd a fragrent map shall be prepared indlcating
distance, dirsction and weight of both stesl and propellant fragments, as well aa

locations where propellant fragrnents burned.
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SOMEDENNAL.
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boo Delinicotiong

A rophd cheaical reaction in which the outpuy of heat is sufificisnt to enable

the rezction to proceed and be accelerated without luput of heat from another source,

Deflapraticn is o surface phencmzion with the reaction prodereis flosing aitizy froa

the unyeacted material alonp the surfeoee. Confinencnt increases presswre, rate of

yveactlon and tesperature. The final éffect of deflagration under confinenent is
explesion., (A deflagration mey cause a pressure rise in the surroundlng alrj how-
ever, 2 sonic Or supersonic pressure wave will not develop.)

2. Eqlosicn.

A chemical reaction of any chexlcal cowpound or mechanical mixture which, when
subjected to heat, friction, shock, ur other suliable initlation, undargoes a very
rapld combusiicn or decosposition rsleasing large volumzs of highly-heated gzses
vhich exert pressures on the surrounding medium, Also, 3 mecianical reacilon in
which failurs of the ccantainer czvses the sudden relezse of pressure froam within
a pressure vessel, for exauple, pressure rupture of 2 stean boiler. Depending on
the rzte of energy relesse, an expleosion can be‘ categorized as a ceflagration, a
detonation or préssure rup‘ture;

3. Detonziicn,

A vioclent chemlcal reaction within a cherlcal -compound or wmechanical mixture

evolving heat and higa pressures. A detonatlen, in contradistineticn to deflagration,

ig the rezetion which proceeds throuzh the rencied material toward the wiresctied

uaterial at a hidh constont -.'F;-lf"C.L""" The velocity of the reaciion is supersonic,

The resuli of this chsmical reacllion is exertion of extreunely hizh vressures on the
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surrounding mediwn forwming a presswe wave (blast wave) which propagates away from
the source at suparsenic velocities. A detonation, when the material is located
1 or near the surface of the ground, is normally characterized by a crater.

4. Fremsgntation,

The brezking up of the confining material of a chemical compound or mechanical
mixture when an explosion takes place. 4 deflazration usually reduces the confining
materlal into largs pleces which are projected at low welocities whereas a detona-
tion feduces the confining materdal into omall pieces vhlch are projected at high

valoclities.,
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